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UNTIED STATES ENVIRONMENTAL PROTECTION AGENCY

REGIONS
DATE: MAR 1 7 2003

SUBJECT: Approval for Public Release of the Peer-reviewed Woric Product Toxicitv
Reference Values (TRVs) for Mammals and Birds Based on Selected Aroclots

FROM: William EMuno, Director, SFD
TO: James Chapman, Ecotogist, Peer Review Leader

Following internal US. EPA peer review in accordance with the 1998 Peer Review Handbook (EPA 100-B-98-
001) and die October 2000 Region 5 Oder "Improved Policies and Proc^edines: Peer Review, Records
Management, and Woric Product Authorization of Scientific and Technical Work Products", and satisfactory
revision in response to the peer review comments, the memorandum Toxicitv Reference Values (TRVs) for
Mammals and Birds Based on Selected Atpclors. dated March 6,2003, is approved for public release.



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGIONS

DATE: March 12, 2003
SUBJECT: Peer Review Record for Toxicitv Reference Values (TRVs) for

Birds Based on Selected Aroclots
FROM: James Chapman, PftD, Ecotagist
TO: William Muno, Director, Superfimd Division
The peer review record far the development of PCB TRVs fix wikffife is attached for your approval.
The folbwing documents are enclosed

Peer Review Checklists #1 and 2.
The Peer Review Charge for Mink and Chicken PCB Toxicitv Reference Values Derived Through an
EDx (effective dose) Procedure. The peer î ewdian^ conforms with the scope as you directed on
8/22/02, andwas sent to the peer reviewers on 10X)2/02. The draft work products: Draft Mink PCB
Toxicitv Reference Value CTRV), 9/24/02, and Revised Avian PCB Toxicitv Reference Value (TRY).
9/23/02, the cover email messages (1 0/02/02), and the sur^wrtingdccumentarbn sent to the pe» reviewers
including the linear interpolation tables, PCB toxicity studies tables, relative response tables, and graph
data files.
The Responses to Peer Review Comments. Wildlife PCB Toxicity Reference Values. 3/6/03, which
presents the consolidated review comments and the responses to the charge questions in accordance with
your recommendations of 1/8/03.

The Original Peer Review Comments are attached in alphabetical order of the reviewers: Dr. Chris
Cubbison (NCEA), Dr. Tala Henry (ORD), Dr. Dale Hoff(Regjon 8), Dr. Mark Sprenger (OERR), and
Dr. Glerm Suter (NCEA), as received between 10/1 7/02 and 1 1/14/02. Two reviewers, Drs. Henry and
Suter, submitted additional questions and comments outside of the scope of the peer review charge. The
responses to these non-charge comments are also appended in memos dated 10/18/02 and 1 1/1/02.

The revised work product Toxicity Reference Values (TRVs) for Mammals and Birds Based on Selected
Aroctors, 3/6703, which is revised in accordance with the Responses to Peer Review Comments.

cc: Wendy Camey, Branch Chief
Shan Kolak, Tom Afcamo, RPMs
Tom Short, Section Chief

PR file memo.vvpd



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGIONS

DATE: Match 12,2003
SUBJECT: Transmittal of Peer Review Checklist #2 for Toxicitv Reference Values (TRVs)

for Mammals and Birds Based on Selected Aroclois prepared for the Allied
Paper/Portage Cteek/Kalamaaoo River Superfimd Site in Michigan

FROM: James Chapman, PhD., Ecotogist f-~-
TO: William EMuno, Director, SFD

Attached to this memorandum is the Peer Review Checklist #2 fix the Avian and Mink PCS TRVs prepared for
the AlKedPapeDPdrtageCreek/Kalamazoo River Superfand Site in Michigan. The pinpose of this checklist is to
document completion of each of the required elements of die peer review process.
The checklist has been prepared in accordance with the VS. EPA Science Policy Cbuncil Peer Review Handbook
and the October 2000 Region 5 Order "Improved Policies and Procedures: Peer Review, Reoxds Management,
and Woric Product Authonzation of Scientific and Technical Work Products".



Checklist #2-Version 9/27/00

Peer Review Checklist #2 - Conducting a Peer Review
Instructions: This checklist is based on the Agency's January 1998 Peer Review Handbook (EPA 100-B-
98-001) and the October 2000 Region 5 Order "U.S. EPA Region 5 Improved Policies and Procedures:
Peer Review, Records Management, and Work Product Authorization of Scientific and Technical Work
Products " which constitute Region 5 's standard operating procedures for peer review. If you have any
questions about peer review or need clarification when completing this checklist, please refer to the
Handbook, available via the internet at http://www.epa.gov/ord/spc/2peerrev.htm. Pages 2-4 of the
Handbook contain useful flowcharts and cross references to specific sections of the Handbook that are
applicable to this checklist. You are also encouraged to consult with your Division or Office Peer
Review Coordinator. The Division/Office Peer Review Coordinators will periodically request
information from this checklist in order to update the National Peer Review Database.

\. Title of Work Product: Avian and Mink PCS Toxicity Reference Values (TRV);
[Toxicity Reference Values (TRVs) for Mammals and Birds Based on Selected Aroclors]
2. Product Description: Derivation of PCB TRVs from exposure- or dose-response plots

through an EDx procedure (effective dose, x - effect size of concern)

3. Project Manager: Shari Kolak, RPM, SFD, 6-6151; James Chapman, SFD, Ecologist, 6-7195______
Name, Organization and Phone Number

Check the box when
4. Up-front Considerations for Planning the Peer Review: item is completed

a. The Div/Office Director has chosen a peer review leader for the project.
(Note: The project manager and peer review leader can be the same person.)

Name of Peer Review Leader: James Chapman___________ /LJ
Phone Number: 312 886 7195_________________
Organization: SFD

b. The peer review leader has obtained appropriate peer review training J7f
before conducting the peer review,

c. Key questions and issues have been identified to include in the charge J2
to the peer reviewers,

d. The Div/Office Records Coordinator has been consulted to insure
that all the files, including electronic records, will be created, maintained,
retained, and disposed of appropriately and in accordance with
Div/Office and Agency procedures,

e. A formal peer review record or file has been established, and provisions J/f
have been made to store any electronic records associated with
the work product and peer review.

Location of Record/File: Superfund Records Center

Provisions for Electronic Records: Superfund Records Center and
James Chapman ~~~~——————————————
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Check the box when item is
completed or circle the

appropriate answer
(NA = not applicable)

f. There is a source of adequate funding to pay for external peer review if \^\
external peer review is necessary and funding is needed. (Note: Contracts
can be used for peer review services. However, special management controls
are required to ensure proper use of these contracts. See Sections 3.6.1- 3.6.9
of the Handbook for details.)

Source of Funding:__________________________
g. Resource limitations may restrict the peer review. (If "yes " was Yes

selected, a limited peer review might be considered. However, only in
very rare circumstances should resource limitations restrict peer review.
Peer review must be planned for as part of a project's budget.)

h. Amount of time needed for peer review(s) has been allotted given Pt
existing constraints of potential peer reviewers, deadline for the final
work product, logistics for the peer review, etc.

Length of Time Needed: IQwk___________________
5. Develop the Charge to the Peer Reviewers:

a. A clear, focused charge has been formulated that identifies recognized p^
issues, asks specific questions, and invites comments or assistance,

b. The charge has been included in the peer review record.

6. Select the Peer Review Mechanism:
a. The work product is novel, complex, controversial, or has great T^es) No

cost implications. (If the answer is "yes " to any of the above,
serious thought should be given to conducting an external peer
review. If the answer is "no " to all of the above, internal peer
review is probably sufficient.)

b. A determination has been made regarding which components
or stages of the work product will be peer reviewed. (Note: Generally,
peer review is recommended for each stage of a product's development.)

Components to be peer reviewed: Methodology for combining study results,
interpolation, and adjustment for 2-year exposure ertects

c. A peer review mechanism (e.g., internal, external or a combination
of both) has been chosen for the work product or stages of the work
product.

Mechanism: Internal peer review
d. The work product either: 1) has been, or is being, generated as part

of administrative or civil enforcement activities by U.S. EPA, or
2) likely will be used in the future to support administrative or civil
enforcement activities by U.S. EPA. (If the answer is "yes " to either
item above, then the Office of Regional Council (ORC) must be consulted
if the Peer Review Leader believes an external peer review is needed or is
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preferable. ORC concurrence should be obtained.)
Check the box when
item is completed,
or circle ves orao

e. The work product is going to be peer reviewed via a refereed, Yes
scientific journal. (If the answer is "yes, " the work product still
should be considered for peer review because journal peer review
may not cover issues and concerns that the Agency would want peer
reviewed in order to support an Agency action.)

f. Logistics for conducting the peer review (e.g., written comments will
be received by mail, or will be collected at a meeting) have been
included in the peer review record.

g. The Div/Off Director has concurred with the recommended method
of peer re view.

Date of Div/Off Director Concurrence: 8/23/02__________
h. The concurrence of the Div/Off Director has been included in the r?f

peer review record.

7. Determine the Specific Time Line for the Peer Review:
a. A start date for the peer review has been selected. -tJ

Start Date: 10/2/02
b. The amount of time the peer reviewers will be given to conduct -0

the peer review has been determined.
Number of Days for Review: 12

c. A due date for comments from the reviewers has been selected. .*—I
Due Date: 10/21/02

d. The amount of time necessary to incorporate comments from the
peer reviewers into the work product has been determined.

Number of Days for Revision: 50
e. A deadline for final completion of the work product has been

determined.
Due Date: 1/2/03_______________________

8. Select the Peer Reviewers:
a. Advice was sought in developing a list of potential peer reviewer J/f

candidates who are independent of the work product and have
appropriate scientific and technical expertise.

b. The expertise required for the peer review has been determined. J/J
c. In reviewing the candidates, a balance and a broad enough r-x

spectrum of expertise were considered,
d. In reviewing the candidates, any potential conflicts of interest

were considered.
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Check the box when
item is completed

e. The peer reviewers have been selected and the process for
selecting the reviewers, including inquiries and resolution
of potential conflicts of interest, has been documented and included
in the peer review record/file. (Note: Conflict of Interest Inquiry Forms
are available from the Regional and Div/Off Peer Review Coordinators.)

9. Obtain and Transmit Materials for Peer Review:
a. Instructions have been given to the peer reviewers which ask for J7f

written comments in a specified format by the specified deadline
that are responsive to the charge,

b. The peer reviewers have been provided with the essential documents,
data, and information to conduct their review.

Date Peer Reviewers Given Charge/Materials: 10/2/02
c. The peer reviewers have been instructed not to disclose draft work

products to the public,
d. The peer review record/file contains all the materials given to the

peer reviewers.
10. Conduct the Peer Review:

a. Written comments have been received from all peer reviewers.
Date all comments were received: 11/14/02

b. All clarification or additional information necessary from the peer r*
reviewers is received.

c. The validity and objectivity of the comments have been evaluated. j/f
d. Appropriate experts/staff/managers have been consulted on the r-*

potential impacts of the comments on the final work product, the
project schedule, and budget,

e. The peer review comments have been included in the peer review r-/
record/file.

11. Consider the Peer Review Comments:
a. Decisions have been made regarding which comments are

accepted and will be incorporated into the final work product, and
which comments will not be incorporated,

b. A memo or other written record has been prepared which responds ._/
to the peer review comments and specifies acceptance or, where ^
thought appropriate, rebuttal and non-acceptance,

c. The Div/Off Director has concurred with the decisions and written
record on how to incorporate the peer reviewers comments in the
work product and on which comments will not be incorporated.

Date of Div/Off Director concurrence: 1/8/03
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Check the box when
item is completed,
or circle ves or no

d. The concurrence of the Div/Off Director has been included
in the peer review record/file,

e. The memo or written record documenting how comments were
handled and how the work product was revised has been
included in the peer review record/file,

f. The work product has been revised to incorporate the acceptable
comments,

g. The peer review performed during the process of developing the
work product has been summarized and included in the work product,

h. It is necessary to send the revised work product back to the peer
reviewers. (Ifthe answer is "yes," proceed to item #IIi. If the
answer is no, proceed to item #12.)

i. Additional comments are received, evaluated, and incorporated
into the work product, and placed in the peer review record.

12. Consider Other Comments:
a. Prior to finalization, the document needs additional internal

and/or external programmatic review. (If the answer is "yes, " go to
#12b. If the answer is "no, "proceed to #13.)

b. Written comments by programmatic reviewers have been received,
c. Final decisions have been made regarding which comments are

accepted and will be incorporated into the final work product, and
which ones will not be incorporated.

d. A memo or other written record has been prepared which responds
to the programmatic review comments and specifies acceptance or,
where thought appropriate, rebuttal and non-acceptance,

e. Div/Off Director has concurred with the decisions and written
record on how to incorporate the programmatic comments.

Date of Div/Off Director concurrence:
f. The memo or written record has been included in the peer review

record/file,
g. The work product has been revised to incorporate the acceptable

programmatic comments.

13. Finalize Work Product and Close Out Peer Review:
a. The work product has been completed.
b. The Div/Off Director has approved the work productyDate of Div/Off Director Approval: ?/f7/«3
c. The Div/Off Director approval has been included in the

peer review record/file.

jzf
jzr

Yes

D

Yes

DD

D

D

D
D
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Check the box when
item is completed, or

circle yes or ng_
d. The Div/Off Director has judged the work product to be sufficiently Yes

controversial, of significant enough interest to outside parties, or of
wide enough distribution, such that it should also be authorized by the
Regional Administrator (RA), or the Deputy RA (DRA). (If the answer
is "yes," proceed to #13e. If the answer is "no," proceed to #13f.)

e. The RA or DRA has authorized the work product. / rn
Date of RA or DRA Authorization: fllA

f. The final work product has been included in the peer review r-1
record/file.

14. Publication and Release of Reports: /
a. The Div/Off Director has approved publication or release of the gf

work product,
b. The written approval by the Div/Off Director has been included

in the peer review record/file.
c. The Div/Off Director has judged the work product to be sufficiently Yes

controversial, of significant enough interest to outside parties or of
wide enough distribution, such that its distribution or release
should also be authorized by the RA or DRA. If the answer is
"yes, "proceed to #14d. If the answer is "no, "proceed to #75.
(Note: Tlie Div/Off Director's decision to elevate to the RA or DRA can
be made concurrently with item #13d.)

d. The RA or DRA has authorized distribution or release of the work
product.

Date of RA or DRA Authorization:
15. Retention of Peer Review Files and Records:

a. The Div/Off official procedures for administrative records and the
Agency's record retention schedules have been examined to
determine how long the peer review record/file, including electronic
records, should be retained. (Note: The required time of retention for
final reports and supporting data varies depending upon the nature
of the report, however, final reports which are mission related or have
an EPA number and receive external distribution are generally
permanent federal records.)

b. The Div/Off Records Officer or the Regional Records Officer has been .
consulted to help determine how long the peer review record/file, y\
including electronic records, should be retained.

Check the box when
item is completed
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c. A location for the completed peer review record/file has been
identified, and provisions have been made to retain electronic
records associated with the work product and peer review.
(Note: This can be the same location and provisions as identified in #4e.)

Location of Record/File: Superfund Records Center
Provisions for Electronic Records: Superfund Records Center

and James Chapman __________
d. Someone has been assigned the responsibility for maintaining the

record/file and electronic records, and ensuring that they are either
archived or destroyed appropriately. (Note: This can be the same person
as identified in #4a.)

Contact Name and Phone No: James Chapman, 6-7195
Organization: SFD

16. Closeout of Checklist:
a. Items #1-1 5 of checklist have been completed.

Signature of Peer Review Leader and Date Signed
4A<

b. A cop^ of the completed checklist has been given to" the Div/Off
Peemleview Coordinator.

Signature of Div/Off Peer Review Coordinator and Date Signed
-5

c. The completed checklist has been included in official peer review
record/file.

d. The work product has been moved from Peer Review Work Product
List B to List A in the National Peer Review Database.

Date Product moved to List A:
\6\\\
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SUPERFUND DIVISION
REMEDIAL RESPONSE BRANCH #1

SECTION #1

Site Name: Allied Paper/Portage Creek/Kalamazoo River Superfund Site
Type of Document: Transmittal of Peer Review Checklist #2 and the Peer Review Record for
Avian and Mink PCS Toxicity Reference Values (TRY) [refilled: Toxicity Reference Values
(TRVs) for Mammals and Birds Based on Selected Aroclors]

INITIAL/DATE

James Chapman, Peer Review Leader f-
Shari Kolak, RPM

Tom Short, Section Chief

Wendy Carney, Branch Chief

*/ 17 /oWilliam E. Muno, Division Director \ss£p\ 17 o3
Stephen Ostrodka, Division Peer Review Coordinator

Return To: James Chapman (6-7195) or Shari Kolak (6-6151)



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGIONS

DATE: August 22,2002

SUBJECT: Transmittal of Peer Review Checklist #1 for the Allied Paper/Portage
Creek/KalamazDO River Superfund Site in Michigan

FROM: ShariKolak,RPM
TO: Bill Muno, SFD Director
Attached to this memorandum is the Peer Review Checklist #1 fbrtheAltiedPaperftortageCteek/KalaniazDo
River Superfund Site in Michigaa Tne purpose of ttechecMst is to detenriinewhdher^
work product needs peer review. More specifically, whether peer review is necessary for the derivation of
wildlife PCB toxicity reference values (TRVs) from exposure-response curves (Edx) instead of a NOAELrLOAEL
approach.
This checklist has been prepared in accordance with the U.S. EPA Science Policy Council Peer Review
Handbook and the October 2000 Region 5 Order entitled "Improved Policies and Procedures: Peer Review,
Records Management, and Work Product Authorization of Scientific and Technical Work Products."
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Peer Review Checklist #1 - Determining Whether a Work Product Needs Peer Review
Instructions: This checklist is based on the Agency's January 1998 Peer Review Handbook (EPA 100-B-
98-001) and the October 2000 Region 5 Order "U.S. EPA Region 5 Improved Policies and Procedures:
Peer Review, Records Management, and Work Product Authorization of Scientific and Technical Work _
Products " which constitute Region 5 's standard operating procedures for peer review. If you have any
questions about peer review or need clarification when completing this checklist, please refer to the
Handbook, available via the internet at http:/Avw\v.epa.gov/ord/spc/2peerrev.htm. Figure 1 on page 2 of
the Handbook includes a useful flow chart and cross references to specific sections of the Handbook that
are applicable to this checklist. You are also encouraged to consult with your Division or Office Peer
Review Coordinator. The Division/Office Peer Review Coordinators will periodically request
information from this checklist in order to update the National Peer Review Database.

1. Title of Work Product: Avian and Mink PCB Toxicity Reference Values (TRY)

2. Product Description: Derivation of PCB TRVs from exposure- or dose-response curves
through an EDx procedure (tffective Dose, x - effect level of concern).

Shari Kolak, RPM, SFD, 6-6151
James Chapman. Ecologist, SFD, 6-7195______________

3. Project Manager:
Name. Organization and Phone Number

Please circle the
4. Determination if Work Product is Scientific or Technical: appropriate answer

a. Is the work product a scientific, engineering, economic, social yes no
science, or statistical document? (Examples of such documents
include: risk assessments, technical studies and guidance,
analytical methods, scientific database designs, technical models,
technical protocols, statistical surveys/studies, technical
r ckground materials, and research plans and strategies.)

b. Is the work product a scientific or technical document resulting yes no
from a grant, contract or cooperative agreement?

c. Will the work product be used to support a research agenda, yes no
regulatory program, policy position, or other Agency
position or action?

If you answered "no" to all of these questions, your work product is not subject to EPA's
peer review policy for scientific or technical work products and does not need to be placed
on any of the peer review lists. Please proceed to #7 of this checklist. If you answered
"yes" to any of these questions, your work product might need peer review; please continue
on to #5 of this checklist.
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5. Determination if Work Product is a Major Work Product:
Determination of whether a work product is "major" will largely be on a case-by-case
basis. As the continuum of work products covers the range from the obviously major to
those products that clearly don't need peer review (see Handbook, Section 2.2.3), there is
no one single, easy yes/no answer to the test of "major". There also is no single
definition of "significant." Determination of "major" and "significant" are the
responsibility of the Division or Office Director who is the official Decision-Maker.

Please circle the
appropriate answer

a. Does the work product establish a significant precedent, yes no
model, or methodology?

b. Does the work product address significant controversial yes no
issues?

c. Does the work product focus on significant emerging or yes no
"cutting edge" issues?

d. Does the work product have significant cross-Agency or yes no
inter-agency implications?

e. Does the work product involve a significant investment of yes no
agency resources?

f. Does the work product consider an innovative approach or yes no
application for a previously defined problem, process or
methodology?

g. Is the work product required to be peer reviewed by statute yes no
or other legal mandate?

h. Does the work product support a regulatory decision, yes no
policy or guidance of major impact? (Major impact can mean
that it will have applicability to a broad spectrum of regulated
entities and other stakeholders, or that it will have narrower
applicability, but with significant consequences on a smaller
geographic or practical scale.)

i. Is the work product an application of or modification to yes no
an existing, adequately peer reviewed methodology or model
that departs significantly from the situation it was originally
designed to address?

If you answered "yes" to any of these questions, your work product needs peer review
unless special circumstances exist; please continue on to #6. If you answered "no" to all of
these questions, your work product probably does not need peer review. However, peer
review can always be done to improve the quality of the work product. Please proceed to
#7 of this checklist.
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6. Determination Whether Circumstances Exist Where a Major Work Product
Would Not Be Peer Reviewed:

Please circle the
appropriate answer

a. Was the work product previously reviewed by recognized yes no
experts or an expert body? (Note: Peer review of an EPA work
product by a recognized refereed journal strengthens the
scientific credibility of the work product but does not eliminate
the need to have the work product itself peer reviewed for issues
and concerns to support an Agency action. See Sections 2.4.4 and
2.4.5 of the Handbook for more details.)

b. Are the scientific or technical methodologies or information yes no
being used commonly accepted in the field of expertise?

c. Has the regulatory activity or action which the work product yes no
supports been terminated or canceled?

d. Is there a statutory or court ordered deadline, or a time yes no
constraint which may limit or preclude peer review of the
work product?

If you answered "yes" to any of these questions, your work product probably does not
require peer review. This decision with the justification needs to be concurred with and
signed off by the Division/Office Director. The decision with the justification must be
retained in the peer review files and noted in Peer Review Work Product List C in the
National Peer Review Database. Continue on to #7. If you answered "no" to all of these
questions, proceed to #8.

7. Next Steps For Work Products That Will Not Be Peer Reviewed: £X»j*~fc. 41+ y
d. Division/Office Director concurs with the decision that the work . . / rfl\

product should not be peer reviewed. in ' * " 1 •* * '

Signature ol Uivision/Ultice Director and Date Signed
A copy of this completed checklist has been given to the Div/Off
Peer Review Coordinator and put in the official peer review files in
the Division/Office.

Signature ol LMv/Utt Feer Review Coordinator and Date Signed

Location oTDiv/OfFPeer Review hiles
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f. Work product has been placed on Peer Review Work Product List C
in the National Peer Review Database. (Note: TJiis only applies to those
work products subject to the peer review policy.)

Signature of Div/OffPeer Review Coordinator and Date Signed
If all of the necessary information is complete, you are done. You don't need to proceed
any further with this checklist.

8. Next Steps For Work Products That Will Be Peer Reviewed:
g. Division/Office Director has been consulted and concurs with the decision that

the product should be peer reviewed.

. f.Signature of DivisioryDffice Director and Dattf Signed
h. A copy of this completed checklist has been given to the Division/Office

Peer Review Coordinator and put in the official peer review files in the
Division/Office.

______ _Signature of Div/Off Peer Review Coordinator and Date Signed

7 l/W
Location of Div/Off Peer Review Files

c. Work product has been placed on Peer Review Work Product List B
in the National Peer Review Database,

Signature of Div/Off Peer Review Coordinator and Date Signed

Because your work product will be peer reviewed, you need to complete a second checklist
entitled '•''Peer Review Checklist #2 — Conducting a Peer Review."
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SUPERFUND DIVISION
REMEDIAL RESPONSE BRANCH #1

SECTION #3

Site Name: Allied Paper/Portage Creek/Kalamazoo River Superfund Site
Type of Document: Transmittal of Peer Review Checklist #1 for the Allied Paper/Portage
Creek/Kalamazoo River Superfund Site

Shari Kolak, RPM:
Matthew Mankowski, Acting Section Chief:
Wendy L. Carney, Chief:
Bill E. Muno, Division Director:

INITIAL/DATE

t^ex•g/M ? As /^a^ y/^>/^ ̂
Return To: Shari Kolak (6-6151) or Lorraine Navarrete (3-6425)



Peer Review Charge for Mink and Chicken PCB Toxicity Reference Values Derived
Through an EDx (effective dose) Procedure
Background
Continuing Need for Aroclor-based TRVs
Although congener-specific analyses are recommended for assessing risks to PCBs, Aroclor-
based toxicity reference values (TRVs) are still needed for several reasons. 1) The PCB database
at many sites is predominantly or solely Aroclor data. This is especially true of historic data. 2)
At contentious sites, the lengthy process for resolving disagreements has resulted in a need to
finalize Aroclor-based risk assessments initiated prior to the current emphasis on congener-based
approaches. In these situations, abandonment of the an Aroclor approach will entail substantial
delay and cost for resampling media and biota to provide synoptic congener data. 3) There is a
larger database available on the ecotoxicological effects of PCBs on an Aroclor basis as
compared to a dioxin toxic equivalent (TEQ) basis. 4) The utility of the TEQ-based
ecotoxicological studies is also compromised by the use of inconsistent toxic equivalency factors
(TEF). Conversion to a common TEQ basis is feasible only if the original congener data is
reported so that the TEF scheme of choice can be applied, but the underlying congener data are
rarely reported in journal articles-further reducing the pool of useable TEQ studies. Studies
based on bioassay TEQs, such as the HII4E rat hepatoma cell line, cannot be directly compared
to calculated TEQs, and the bioassay results vary with the choice of solvent for dosing the cells.
5) The key premise of the TEQ approach is that the effects of PCBs are primarily due to aryl
hydrocarbon receptor (AhR)-mediated processes (dioxin-like effects). Although AhR-mediated
effects are frequently reported to be more sensitive endpoints compared to non-AhR effects, it is
not clear how generally this relationship applies across taxa and endpoints. In the absence of a
non-AhR TEF scheme, an Aroclor-based assessment can provide an indication whether
significant non-AhR effects may have been missed in a TEQ-based assessment.

One of the criticisms of Aroclor-based assessments is that the results are more variable compared
to TEQ-based assessments. However, in one such comparison by Leonards, et al. (1995), no
distinction was made between different Aroclors or Clophens (total PCB vs. reproductive effects
in mink was unfavorably compared to TEQ vs. reproductive effects). This comparison was
biased since different Aroclors or Clophens differ in their toxicity.

NOAEL/LOAEL Approach

A widely used approach for determining TRVs depends on two statistically-based thresholds: the
no observed adverse effect level (NOAEL), which is the highest dose tested that did not result in
a statistically discernible effect compared to the control, and the lowest observed adverse effect
level (LOAEL), which is the lowest dose that resulted in a statistically discernible adverse effect.
Shortcomings in this approach have been long recognized-the main one is that the NOAEL and
LOAEL are affected by factors unrelated to toxicity. An obvious factor is that the TRVs can only
be selected from the particular doses used in an experiment (commonly the tested doses are an
PCB EDx PR charge.wpd



order of magnitude apart so there are large gaps in the data). Second, statistical significance is
not solely determined by toxicity, but also by the statistical power of the study. This has two
implications: 1) studies performed with low statistical power will result in higher TRVs
compared with studies with high statistical power for the same chemical and receptor, and 2)
since the TRVs are statistically defined, the level of adverse effects associated with the NOAEL
or LOAEL varies greatly between studies (for example, statistically-derived NOAELs may be
associated with adverse effects in as much as 50 % of the test organisms). A related
consideration is that this approach acts as a disincentive for improving the quality and statistical
power of industry-funded lexicological testing since less rigorous studies are less expensive and
have low statistical power that results in higher and less protective TRVs.
EDx or ECx Approach
An alternative is to use the data from toxicological studies to develop dose- or exposure-response
relationships, and to use the relationships to determine the no-effect and low-effect doses or
exposures that correspond to selected effect levels. This frees the analysis from the specific
doses used in a study (a TRV can now be interpolated between the tested doses), and from the
non-conservative bias of tests with inadequate statistical power. This approach is referred to as
EDx or ECx (effective dose or concentration; x represents the selected effect level of concern).
An example of the ECx approach is in the recommended procedure for analyzing the results of
effluent toxicity testing in the USEPA water program (the low effect concentration is defined as
the EC75, that is, the concentration that corresponds to a 25 % decrement in response compared to
controls).
Work Product

The TRVs for Aroclors have been revisited in Region 5 for application in Superfund sites in
which congener data is not available, and for supplemental use to accompany TEQ-based
assessments in sites with congener data. Recently, derivation of Aroclor-based TRVs by taking
the geometric means of no or lowest observed adverse effect levels (NOAEL or LOAEL),
respectively, from selected studies was challenged for including studies with field-contaminated
prey that may be confounded by the effects of co-contaminants. The work products under review
are the result of combined analysis of studies that reported the reproductive effects of feeding
commercial PCB products to mink and chicken.

The effluent toxicity testing guidance in the water program (e.g., Klemm, et al. 1994; Chapman,
et al. 1995) was modified for deriving PCB TRVs from multiple chicken and mink studies. 1)
The results of the various studies were normalized so they could be compared on a common basis
(the guidance is written for interpreting the results of a single experiment in contrast to the
multiple mink or chicken studies performed by different researchers that are analyzed for the
PCB TRVs). The normalization was accomplished by dividing each mean treatment response by
the respective mean control response. The resulting relative responses are plotted on semi-log
graphs (log dose or concentration vs. relative response). The plots showing interpretable dose-
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response relationships are used to derive the no- and low-effect TRVs by a linear interpolation
between the treatments that bracket the effect level of concern. 2) Interpolation is only
performed when the effect level of concern falls within the linear portion of the dose-response
plot (to avoid uncertain interpolations). 3) A log-linear interpolation is used since it gives a
better fit within the linear portion of the data plots compared to the linear interpolation in the
guidance. 4) Data are not adjusted when treatment responses exceed control responses (relative
responses > 1), since the recommended procedure applies to the results of single, not multiple
studies. 5) The procedure for deriving confidence intervals is not implemented since the only
available data from the published mink and chicken studies are the treatment means (the
underlying data for the individual replicates were not presented for any of the studies).
An alternate approach would be to fit curves to the data, and use the non-linear regressions to
calculate the low-effect levels. This approach was not used because only the treatment and
control mean responses are reported in the published literature. The underlying replicate data,
which would provide the best basis for curve-fitting and are necessary for calculating confidence
intervals, are not available.
An additional modification was made for the mink TRVs only. Three studies have shown
dramatic increases in adverse effects following continuous exposure to PCBs over 2 breeding
seasons or 2 generations of females compared with exposure in 1 breeding season. These studies
used field-contaminated prey, or Clophen-supplemented feed, so the 2-season or 2-generation
results cannot directly be used to interpolate 2-season or generation Aroclor TRVs. Instead, the
1 -season Aroclor TRVs are multiplied by the mean ratio of the available 2-season or generation
TRVs divided by the corresponding 1-season TRVs to derive Aroclor TRVs protective for
sustained occupancy of a site by female mink.
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The peer review charge is to evaluate the methodology for deriving Aroclor TRVs. The charge
does not include review of the input data (although documentation of the data and the specific
sources is included in the materials provided to reviewers), but the methodology for
normalization of the data is part of the charge.

Charge Questions

Peer Reviewers should comment on the following:
1) Is the data normalization method (relative response = treatment response / control response)
appropriate for combining the results of different toxicity studies into single dose- or exposure-
response plots? If not, what would be a more appropriate method? Explain.
2) Is the linear interpolation method appropriate for deriving the dose or dietary concentration
corresponding to selected effect levels? If not, what method would be more appropriate for use
with mean data (when the underlying replicate data are not available)? Explain.
3) Are the effect levels appropriate (75 % relative response for low effect, 100 % relative
response for no effect)? If not, what effect levels would be more appropriate. Explain.
4) Are the following modifications of the linear interpolation method recommended for effluent
toxicity testing in the Water Program appropriate? If not, how should the method be applied?
Explain.

a) Restricting interpolation to the linear portion of the data plots.

b) Use of log-linear interpolation in place of (arithmetic) linear interpolation.

c) No adjustment when treatment response exceed control responses (relative response
allowed to exceed a value of 1 .0) .

d) No confidence interval estimation.

5) Regarding the mink TRVs only, is the procedure for adjusting the TRY based on exposure
during a single breeding season to derive a TRY protective for continuous exposure through two
breeding seasons or two generations of females appropriate? (The single-season Aroclor TRVs
are adjusted by multiplying by the mean ratio of the 2-season or generation TRVs divided by 1-
season TRVs from feeding studies with field-contaminated prey or Clophen A50.) If the
procedure is not considered appropriate, are there any recommended alternative approaches?
Explain.

6) Any other comments on the methodology? [optional]
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Due Date
October 2 1 ,2002

Format
Electronic submittal to chapman.james@epa.gov, WordPerfect is preferred, version 9 or lower.
In case anyone want to submit a spreadsheet as part of the comments, Lotus 123 is preferred,
version 9.5 or lower for Windows.

Point of Contact
James Chapman, Ph.D.
USEPA Region 5 (SR-6J)
77 W. Ja.kson Blvd.
Chicago, IL 60604
3 1 2 8 8 6 7 1 9 5
3 1 2 3 5 3 5 5 4 1 (fax)
chapman.james@epa.gov
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JAMES CHAPMAN To: Tala Henry, Mark Sprenger, Glenn Suter, Dale Hoff, Chris Cubbison cc
10/02/2002 03:32 PM Subject: Peer Review Charge l

Thank you for your assistance.
I have attached the peer review charge (PCB EDx peer rev charge.wpd). In this message I have
also attached several files related to the mink TRV. PCB mink TRV sum.wpd is the workproduct
you a-e reviewing.
Although the peer review is for the methodology only, not the underlying data, I have attached
several spreadsheets in case you want to check anything I did. PCB mink RR.123 documents the
data sources and shows the relative response calculations. PCB mink graph file. 123 is a
translation of the SYSTAT file I used to generate the exposure-response plots. PCB mink linear
interpol TRV2.123 shows the TRV calculation for both the log-linear approach I used in the memo,
and the linear approach in the guidance.
I will be in the field the rest of this week, and will be on vacation the next week, returning to the
office after Columbus Day. If anyone needs a copy of any of the papers I cited, please contact my
supervisor Larry Schmitt (he has all the mink and chicken studies I used, the Leonards, et al.
paper, and a copy of the linear interpolation section of the effluent testing guidance (I misplaced
Klemms, et a l . , but he has a copy of Chapman, et al . ) .
Please contact Shari Kolak during my absence if there are scheduling issues.
I am sending a second message with the chicken files.
James Chapman, Ph.D.
USEPA Region 5 (SR-6J)
77 W. Jackson Blvd.
Chicago, IL 60604
3 1 2 8 8 6 7 1 9 5
3 1 2 3 5 3 5 5 4 1 (fax)
chapman.jan:c:s@epa.gov

PCB EDx PR charge.wpdPCB mink TRV sum.wp PCB mink linear interpol TRV2.1PCB mink RR . 123
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGIONS

DATE: September 24,2002
SUBJECT: Draft Mink PCBToxidly Reference Vahie(TRV)
FROM: James Chapman, PhD., Ecotogist
TO: ShariKolak,RPM
Recommended Mink PCB Toritity Reference Values
The recommended dietary PCB tow-effect TRV for mink is 0.6 mg/kg wet weight, based en the effects of Al 254
on the nun-ber of live kits per mated female and kit bodywaght, ac^ustedfo continuous ejqnsure through t\MD
breeding seasons or generations. Theno-eflect TRV cannot be reliabty interpolated, but is greater than 0.02 mg/kg
(control dietary cxHxertration). Si«£diereisaranowrangebetvMsaino-ef&ctandtow^fectTRVsftx-A1242
and Clophen A50 (see below), the A1254 rxxffect TRV is unlikely to be less than one îalf of the lovv^eflfect TRV,
for an estimated no-effect value of 03 mg/kg.
Although kit survival appears to be a more sensitive endpoint o»riparedtoUveldtprxxtictionorldtbodyweignt,
the data are insuflBdert for o^termining lot survival
concentration is less than 1 mg/kg for a single season of exposure, and would be even less fix exposure through
multiple seasons or generations.
Surprisingly, no mink feeding studies were located for A1248. However, A1248 is as potent as A1254 in
mammalian bioassays (Tillitt, et aL 1992), so the A1254-based TRVs are applicable to A1248.
The dietary TRVs for A1242 are 1.3 to 1.4 mg/kg for live kit production (no effect to low effect), adjusted for two-
season or two-generation exposure. Data are insufficient for other endpoints.

The dietary TRVs for Clophen A50 over 2 seasons exposure are l.Oto Umg/kg for live kit production (no effect
to low effectX 2.3 mgvkg tor kit bodyweight (tow effect), and less than 0.8 mg/kg tor kit survival (low effect).
TRVs calculated from exposure to commercial PCB products may underestimate the toxicity of PCBs in the field
because of weathering and selective retention in biota.
Method Summary

An issue raised concerning the Baseline Ecological Risk Assessment for the Allied Paper, Inc./Portage
Creek/KalamazDO River Superfund she is the appropriate toxk^refetncevahie (TRV) for PCBs in mink. This
memo presents an analysis of the effects of PCBs on mink.
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TRVs are derived from exposure-response curves by interpolation of the effective dietary concentration (ECJto
female mink that corresponds to specific relative responses (cakailated as the treatmert response
control response). Trie fow-efiectlevd is defined as 0/75 of tte
(EC^X and the no-effect level as equal to the control response (EC10Q) (or the treatment resr^onseckisest to the ECIOOif interpolation is infeasible).

Two studies performed with fieki<ontarninated prey, ard one whhOophenA50,rerjorted the reprodî
of PCBs associated with exposures over both one and two breeding seasor^ and one of the field studies also
reported the reproductive effects in two generations of exposed females. All of these studies showed increased
adverse effects in the second year or generation of continuous exposure. Since only single-season exposures rave
been reported for commercial Aroclor feeding studies, TRVs rKrtBcdwfbrtong^ernioaajpancyofasrteby female
mink are calculated by multiplying the single-season TRVs by the mean ratio of the response to 2 rjreedî
orgeneratk>reexposuredrvidedbytteresrx)nsetoa

Methods
Studyresuhs are selected according to the foltowing criteria 1) studies published in journals (gray literature
excluded), 2) matched control and treatment responses, 3) continuous PCB exposure (responses following
cessation of exposure are excluded), and 4) treatment responses individually reported (responses based on
combinations of exposure levels or different Aroclor treatments are excluded). Statistical significance is not a
criterion for selection since the objective is to develop dose- or exrjosure-responserelatnnships over the full
gradient tested When response data are reported for more than one exr»sure time, date for later exposure periods
take precedence over earlier exposure periods or data averaged over the entire exposure period Data are taken from
text, tables, or figures so long as the selection criteria are met
Two exceptions are made for the study selectioa Kakela, et al. (2002) exposed mink to A1242-supplemented
food for 21 weeks, but then switched to the control diet at the onset of breeding. This treatment is included
because the ; was no delay between the cessation of A1242 exposure and initiation of breeding, therefore
depuration'did not occur prior to breeding. Although effects might te underestimated due to depuration during
the breeding period, this does not appear to be the case. The sole TRY calculation involving this treatment is for
live kits per mated female for A1242, in which the Kakela, et aL (2002) datum is consistent with other study
results (see Figure 2). The other exception involves a field-exposure study, which is not used in die TRY
calculations. PlatanowandKarstad (1973) feed A1254 to cows, and then fed meat fiom the exposed cows to
mink. The sole control response reported was the number of live kits per mated female. Other responses are
included only when the treatment response was zero (e.g., 0 kit survival in the 0.64 ppm treatment), because the
relative response in this case is not affected by the value of the control response2.

1 Depuration is the elimination of chemicals from an animal after the cessation of exposure, tfirough metabolic oonvosion and'or
excretion.

2 Relative response (RR) = treatment response /control response. When the treatment response = 0, RR = 0 for all positive
values of the control response.
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TRVs are derived from feeding studies in winch commacial PCB products WOK added to the mink diet Studies
with fiekkxxflaminated prey are not used for TRY derivation, but are relied on in part for evaluating the effect of
continuous exposure through 2 breeding seasons or generations compared to exposure in a single season.
Treatment responses are normalized relative to the respective control responses (relative response = treatment
response / control response) so that multiple studies may be compared on a common basis (tor example,
Leonards, et aL 1995) (Table 2). TRVs are defined in tenns of percent response relative to control: 100%istheno-
eflect level (EC100X and 75 % is the tow-effect level (EC^X \\here ECX is the elective concentration resulting in aresponse that is X% of the control response. TheEC^is an alternative to the lowest observed adverse effect
concentration (LOAEQ3. The EC,, is derived fiom the dose-response curves by a tog-linear interpolation
between the responses that bracket the 75 % effect level, a modficaticfl of the linear irten^^
estimating the chronic toxicity of efliuents4(Kkrnm,etaL1994). Interpolation is perfonned only when the target
value tails within the linear portion of the exposure response plots. No-eflectlevebareeithfftakmdirectty
data if the treatment response does not exceed the control response (but has a relative response >0.9), or is
interpolated tor the EC100 if the treatment response exceeds tne control response (relative response > 1.0). Exposure
concentrations or effects are not extrapolated beyond the existing data ranges.
Curve-fitting is not done because each of the data points represents a mean response. The best clatabase for curve-
fitting is the underlying replicate data of the various studbes,wr^ are rwtavailaDle in the publications.
The results of mink studies are plotted below. Exposure-response relationships are evidentior number of live kits
per mated female (Figures 2,3, and 7-9), kit bodyweight (Figures 5,10-12, and 1?X and kit survival (Figures 13-15
and 18). Data were also normalized forwhdping frequency, total lots per whelped female, and live kits per
whelped female (Table 2), but these effects are irtegrated in the Uvekfts per marted female endpoinl, so are not
separately analyzed
The interpolated TRVs are given in Table 1. The dietary TRVs (mg/kgww) for exposure in a single breeding
season are as follows: Al 242-2.4 to 2.7 (no to low effect, respectively) for live kits per mated female; A1254-1.1
(tow effect) for live lots per mated female and kit bodywdght;andClcphenA50-1.8to3.1(riotokjweflfect)for
live kits per mated female. The no effect levels for A1254cannot be interpolated because they are oirtsicb the linear
portion of the data plots, but are greater than 0.02 and less than 1.0 mg/kgww.
The A1254 relative resrwnse for kit survival appears to show a no effect level of 1.0 mg/kgww (Wren, etaL 1987)
and complete mortality at 2.0 rng/kgww(Aulerich and Ringer 1977) (Figure 6). Although Wren, etaL( 1987)

3 The difference between a LOAEC and an EC,, is that theformer is based on a statistically discernible difloence between
treatment and control responses, regardless of the amount of the effect, vvhite the latter is based on a specified effect level (75% response
compared to cortrols) interpolated 6am an exposure-response plot (dietary concentration vs. response):

4 One modification is that the interpolation is peribimedwith the base 10 logarithm of the dose or concentration. This is done
because most of the responses are linear against ihe logarithm of the dose or egg concentration (see figures). Another modification is that no
adjustment is made when treatment responses exceed control responses, since the reccmmoKkd procedure allies to the results of a single
study, not the multiple studies used here. Note that there are errotsin the Appendix L example calculation in Kfemm,etaL( 1994).
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show die same kit survival for controls and the 1 mg/kg treatment, they reported a dramatic shift in die cause of the
mortality in the two groups-mainiy trauma and infection in the control kits (9 of 12 kits that died after birth), but
predominantly starvation in the treatment kits (13 of 14 treatment lots that died after birth). Since none of the control
kit mortality was due to starvation, and wasting syndrome is a udl-characterized effect of chemicals with dfoxin-
like effects (including PCBsX the 1 mg/kg treatment cannot be considered the no effect dietary concentration for lot
survival. This means that the low effect dietary A1254 TRY for kit survival is less than 1 rag/kg ww, and die no
effect TRY is greater than 0.02 mg/kg ww, but more precise determinations cannot be made with the existing data
Two studies performed with field-contaminated prey (Homshaw, et aL 1983; Restum, et aL 1998), and one with
Clophen A50 (Brunstrom, et aL 2001), reported the reproductive effects of PCBs associated with exposures over
both one and two breeding seasons. Restum, et aL, also reported the reproductive effects in two generations of
exposed females. All of these studies showed increased adverse effects in the second year or generation of
continuous exposure compared to die first (Figures 7-12 and 14-15). For example, in the study by Homshaw, et aL,
the number of live kits per mated female was 66 to 79 % of the control value at 0.63 to 0.69 ppm PCB for
exposure over a single breeding season, but decreased to only 11 % of the control value at 0.66 ppm PCB for
exposure over two breeding seasons (Figure 8). Kit survival in the same treatments decreased fiom 65 to 73 % of
die control value for single-season exposure to 0 survival for exposure over two breeding seasons (Figure 14). Kit
bodyweight was also affected (Figure 11). Homshaw, et al. had only a single 2-season exposure treatment, so TRY
interpolation is precluded from this study, but TRY comparisons are possible for the other two studies.
Brunstrom, et al. (2001) fed mink diets spiked with Clophen A50, one of the European commercial PCB
products, and reported results for both 1 and 2 years of exposure. Sufficient data are available to calculate TRYs for
both exposure periods for the number of live lots per mated female (Table 1 and Figure 7). The low effect TRY for
exposure over 2 breeding seasons (1.3 ppm PCB) is 42 % of die corresponding TRY for 1 season exposure (3.1
ppm), and die 2-season no effect TRY (1.0 ppm) is 58 % of the 1-season value (1.8 ppm).
Restum, et al. (1998) fed mink various proportions of field-contaminated carp from Sagjnaw Bay, Michigan, and
reported results for single and multiple years and generations of exposure (Figures 9, 12, and 15). Six
comparisons are shown in Table 1 between 1-season and 2-season or 2-generation TRVs for live kits per mated
female, kit bodyweight, and kit survival. Note dial for live kits per mated female, die ratios of 2-season or 2-
generation responses divided by the 1-season response result in maximum ratios. This is because die 1-season live
kit per mated female TRY cannot be interpolated (it is at a higher dietary concentration than the highest tested).
Instead of making an uncertain extrapolation, the relative response at the highest dietary concentration tested is used
for the 1-season low effect TRY (0.9 relative response at 1.0 ppm PCB). Since the 1-season BC75 is at a dietaryconcentration greater thanl ppm, die actual product of dividing die 2-season or 2-generation TRVs by the 1-season
TRY would be smaller than die ratios shown in Table 1 for live lot per mated female (039 and 028, respectively).
There are no such issues for die other endpoints. Overall, die ratio of 2-season or 2-generation TRVs divided by 1-
season TRVs ranges from <028 to 0.87 for die various endpoints in the Restum, et aL, study (Table 1).

For die purposes of adjusting die single-season Aroclor TRVs so tiiey will be protective for siistainaWeciccupancy
by mink for multiple years or generations at a given location, the 1 -season TRVs are multiplied by die mean ratio of
die 2-season or 2-generation low effect TRVs divided by the 1 -season TRVs based on die studies by Bnmstrom, et
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aL (2001) and Restum, et aL (1998). The mean ratio of the seven comparisons is 0.52, that is, on average, the low
effect TRY for 2-seasons or 2-generations exposure is 52 % of the low effect TRY for 1 -season exposure to PCBs.
Accordingly, the single-season TRVs for A1242 and A1254 are multiplied by 0.52 to derive TRVs for long-tenn
sustainability. By this approach, the Al 254 low effect TRY is 0.6 mg PCB/kg diet for five kite per inated female
and kit bodyweight, and the A1242 no and low effect TRVs are 13 to 1.4 mg/kg for live kit production.
TRVs may be assessed for two additional endpohtis for exposure over 2 breeding seasons to A50-23 mg/kg for kit
bodyweight (low effect) and less than 0.8 mg/kg for kit survival (low effect) (Table 2). Kit survival was not
reported for 1 season exposure to A50, and the single-season TRY for kit bodyweight cannot be interpolated from
the data (greater than the highest dietary concentration tested).
The original data used for calculating relative responses and their sources are documented in a separate
spreadsheet titled "Summary of Mink PCB Studies and Relative Responses" (PCB mink RR123).
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Figure 1. Live Kits, Commercial Product,
Exposed 1 Breeding Season

Figure 2. Live Kits, A1242, Exposed 1 Season
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Figure 3. Live Kits, A1254, Exposed 1 Season Figure 4. Krt Bodyweight, Product, Exposed 1 Season
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Figure 5. Kit Bodywaght, A1254, Exposed 1
Season

Figure 6. Kit Survival, A1254, Exposed 1 Season
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Figure 7. Uve Kit, A50, Exposed Multiple Seasons Figure 8. Live Kit, Field, Exposed Multiple Seasons,
Homshw83
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Figure 9. Live Kit, Field, Exposed Multiple Season Figure 10. Kit Bodywagbt, A50, Exposed Multiple Season
and Generation, Restum98
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Figure 12. Kit Bodywsight, Field, Exposed Multiple Season
and Generation, Restum98
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Figure 13. Kit Survival, A50, Exposed 2 Season Figure 14. Kit Survival, Fidd, Exposed Multiple Season,
HornshwJO
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Figure 16. Live Kit, Field, Exposed 1 Season

09 -
_ 08 -
» 0 7£

£ 05
| M-
o 03rr 02

0 1
0 0

2 0 r

0 01 0 10 1 00
Dietary PCB Concentration {mgAg ww)

DURATION
' 1 Season
• 2 Generation
• 2 Season

1 15
*

I :
5
I 10
*:>
I 05
*IT

n n

- -, . ., . < ,."
\

, ...^ . . . . . . . . . . . . ! , , . ' .„

AUTHOR
o Halbrok99
• HeatonSS
• Homsfn>83
••• Kakela02
'.• Platonow73
t' Doch imQIl

0001 00 10 0100 1000
Dietary PCB Concentration (mg/kg ww)

PCB mink TRV sun.wpd



11
Figure 17. Kit Bodyweigju, Field, Exposed 1

Season
Figure 18. Kit Survival, Field, Exposed 1 Season
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Table 1. Log-Linear Interpolation of PCB Toricfty Reference Values (TRV) for Mink
Treatment Treatment

Chem. Control oonc<TRv'conc >TRV jan&
tudv Exoosure ^ conc ^ conc "" ""

author Response Duration M, Ct N\ C^ rV^ PTRV
Commercial PCB weeing studes (mg PComg diet, ww)
A1242 ivett/ Iseason 1 2 1.43 Z88

mated 9 1 2 1.43 Z88
A1254 fvektf Iseason 1 1 0.92 2

mated 9 1 1
A1254 kitbodywt Iseason 1 1 0.77 2

1 0.02 1
A1254 ktsurvival Iseason 1 0.02 1 2

A50 kitbodywt 2 season

A50 kit survival 2 season

Comparison of 1 breeding season
A50 live kit/ 1 season

rated 9 1 season
2 season
2 season

Ratio 2 season / 1 season
Ratio 2 season /1 season

Restum live kitf 1 season
rated ? 2season

2generatjon
Rafib 2 season / 1 season
Ratio 2 generation /1 season

Restum kit bodywt 1 season
2season
2generafon

Ratio 2 season / 1 season
Ratio 2 generation /1 season

Restum kit survival Iseason
2 season
2genefatbn

Ratio 2 season / 1 season
Ratio 2 generation /1 season

1 0.02 1
1 0.77 0.9
1 0.01 1
1
1 0.01 1

2.31

0.77

0.58
0.58
0.04
0.92
0.55

0

0.75

0.49

exposure vs 2 breeding season!
1 2.31 0.92
1 0.77 1.24
1 0.77 1.27
1 0.77 1.27

058 no effect
0.42 low effect

1 1 0.91
1 0.25 0.98
1 025 0.84

<0 39 kw effect
O.28 low effect

1 1 0.77
1 0.5 0.79
1 0.25 0.87

0.87 low effect
0.40 low effect

1 0.25 0.93
1 0.25 0.95
1 0.25 0.8

0.72 low effect
0.58bweffect

12
Z31
2.31
2.31

0.5
0.5

1
0.5

0.5
0.75
0.5

0
0.92
0.2
0.2

0.63
0.23

0.74
0.69

0.72
0.11
0.18

0.75
1

0.75
1

0.75
1

0.75
1

0.75
1

0.75
1

Effect level

Z68 tow effect
Z41 no effect
1.14 tow effect

<1. 00 no effect
1.07 tow effect

>0.02 no effect
<! 00 tow effect
>0.02

2.31
>0.01

no effect
tow effect
no effect

<0.77 tow effect
>0.01 no effect

Study

AuterichT?. KakeJa02
Auterich77, Kake«a02
vVren87,Auterich77
Wren87,Auterich77
Wren87,Aulerich77
Wten87
Wren87,Aulerich77
Wren87
BrunstmOl
BrunstmOl
BrunstmOl
BrunstmOl

; or generations continuous exposure
0.75

1
0.75

1

0.75
0.75
0.75

0.75
0.75
0.75

0.75
0.75
0.75

3.13 tow effect
1.76
1.31
102

>1.00
039
0.28

1.00
0.87
0.40

0.45
0.32
0.26

no effect
tow effect
no effect

tow effect
low effect
tow effect

tow effect
tow effect
low effect

tow effect
low effect
low effect

BrunstmOl, Kfiistrm92
BrunstmOl
BrunstmOl
BrunstmOl

Restum98
Restum98
Restum98

Restum98
Restum98
Restum98

Restum98
Restum98
Restum98

PCB mink 1KV sun.wpd
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Notes for Table 1.

bodywt - bodyweight
cone - dietary concentration of PCBs (mg/kg wet weight (ww))
RR - relative response = treatment response / control response
KitbodyweightisfbrbirthtD 1 week age.
TRV - taxicity reference value for dietary PCBs (mgkg wet weight (VAV))

Log,0mV=Logloq +(((M, * P)-I^)* ((Lo&oq.
TRV=10LoglOTOV

Study - lead author, dale; see notes for Table 2 for citations
A1254 live kMnated 1 season Iv^ of 052 is the mean of 1.15 (WrcnST) and 0.69 (AuleriATT) bodi at 1 m^ dietary concentration.
Restum kft survival 2 season f^ ofO.l 1 atq of 0.75 are the means of 0.05 and 0.16 (Mj) at 05 and 1.0 (q), respectively.

PCB mink TRV sun.wpd
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Tabk 2. Mink PCB Toxkfty Studies

Ref

1

2

3

Exposure
Chemical &
Source
repotted as
A1254, from
cow

A1242
product
A1254
product

NA(PCB
type not
identified)

Exposure
Dunnon

52 month

3.4 month

9.7 month

42 month

9.7 month

42 month

22 month

Dietary Cone

0.64 ppm
(control 0.3
ppm)

3.6 ppm

20pm
(control NA)
Ippm
(control NA)
2ppm
(control NA)
5ppm
(control NA)
33ppm + 33
ppm DOT
(control 0.05
ppm)

Tissue Cone

123 ppm
liver
(control 039
ppm);
0.97 ppm
muscle
(control 023
ppm)
1 1.99 ppm
liver,
331 ppm
muscle

86 ppm fat
(control 14
ppm)

Relative Response Compared to Control
whelped?/
mated?

0

1

0.8

029

025

0.79

total kits/
whelped?

0

137

0.90

024

050

0.57

live kits/
whelped?

0

1.43

0.86

0.14

020

020

live kits/
mated?
0.17

0

1.43

0.69

0.04

0.05

0.17

kitBW,
time

0.94
birth

0.55
birth

0.72
birth

lot survival, time

0, Id

1.42
4wk

0
4wk

021
5d

PCB mink TOV sum.v<pd
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Ref

4

5

Exposure
Chemical &
Source

A 1242
product

reported as
A 1254,
Green Bay
akwife
L Michigan
Whftefish
Saginaw Bay
sucker
L Erie perch

Saginaw Bay
carp
Erie perch &
Saginaw wht
sucker

Exposure
Duration

8.1 month

7 month

7 month

7 month

7 month

7 month

7 month
+ I'yr
exposure)

Dietary Cone

l lppm
5ppm
(control NA)
lOppm
021 ppm
(control 0.09
ppm)

0.48 ppm

0.63 ppm

0.69

1.5 ppm

0.66 ppm
(control 0.04
ppm)

Tissue Cone

280 ppm fk

8.1 ppm
adipose
(control 2.9
ppm)
13ppm
adipose
lOppm
adipose
13 ppm
adipose
37 ppm
adipose

Relative Response Compared to Control
whelped?/
mated ?
0
0

0
0.92

0.89

1.00

0.91

030

0.58

total kits/
whelped?
0
0

0
1 . 15

0.91

0.80

0.93

0.56

OJ7

live kits/
whelped?
0
0

0
126

0.95

0.67

0.88

0

0.19

live kits/
mated?
0
0

0
1 . 1 1

0.84

0.66

0.79

0

0. 1 1

kitBW,
time

1.01 birth
1.02 4 wk

1.02 birth
0.88 4 wk
1.05 birth
0.91 4 wk
0.98 birth
0.80 4 wk

0.86 birth

kit survival, time

0.93 4wk

0.51 4 wk

0.73 4wk

0.65 4wk

04wk

KB mink TKV sun.wpd
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Ref

6

7

8

Exposure
Chemical &
Source
A1254
product

ClophenA50

A1254

PCB - sum of
1242, 1248,
1254, and
1260;
TEQ-H4IIE
bioassay;
Saginaw carp

Exposure
Duration

6.1 month

3 month

3 month

6 month

Dietary Cone

Ippm
(control 0.02
ppm)

12ppm

10 ppm

PCB 0.72 ppm
(control 0.015
ppm);
TEQ 19.4 pot
(control 1 ppt)

PCB 1.53 ppm
TEQ40ppt

PCB 2.56 ppm
TEQ 80.8 ppt

Tissue Cone

2.8 ppm
liver
(control 0.09
ppm)

181 ppm rat
4.0 ppm
muscle
74ppmfk
13 ppm
muscle
PCB 22
ppm liver
(control 0.1
ppm)
TEQ 495
ppt (control
<10ppt)
PCB 3.1
ppm liver
TEQ 439
PPt
PCB 63
ppm liver
TEQ 656 ppt

Relative Response Compared to Control
whelped?/
mated?
0.99

0.11

034

1.00

1.00

1.00

total kits/
whelped $
1.09

0.12

0.66

0.93

1.02

0.58

live kits/
whelped?
1. 16

0

0

0.76

0.96

0.14

live kits/
mated?
1 . 15

0

0

0.76

0.96

0.14

kitBW,
time
0.77
Iwk
0.75
3wk,
0.71
5wk

0.93 birth;
0.67
3wfc
0.79
6wk

0.82 birth;
0.67 3 wk
0.41 6 wk

0.71 birth

kit survival, time

1.00 5wk
nearly all
starvation
(control 75 %
trauma or
injection, but no
starvation)

033
6wk

0.13
6wk

0
3wk

PCB mink TRV sun.wpd
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Ref

9

Exposure
Chemical &
Source
PCB - sum of
1242, 1248,
1254, and
1260;
TEQ - H4IIE
bioassay;
Saginawcarp

Exposure
Duration

6 monih
(P,1992)

16 month
(P, 1993)

DietaiyConc

PCB 025 ppm
(control 0.02
ppm)
TEQ 7.1 ppt
(control 1 ppt)

PCB 0.5 ppm
TEQ 13.6 ppt

PCB 1.0 ppm
TEQ 26.4 ppt

PCB 025 ppm
TEQ7.1ppt

Tissue Cone

PCB 0.98
ppm liver
(control 0.07
ppm)

Relative Response Compared to Control
whelped?/
mated?
1 .36

135

1 . 16

1.02

total kits/
whelped?
1 . 1 6

1.02

1.02

0.95

live kits/
whelped?
1 . 1 9

0.91

0.77

0.%

live Ids/
mated?
1.66

125

0.91

0.98

kftBW,
time
0.93-0.94
birth
0.75-0.89
3wk
0.75-0.85
6wk
0.84-0.87
birth
0.67-0.75
3wk
0.65-0.68
6wk
0.75-0.79
birth
0.5 1-0.59
3wk
035-0.49
6wk
0.88-1.09
birth
0.87-0.91
3wk
0.92 6 wk

kit survival, time

1.06
3wk
0.93
6wk

0.81
3wk
0.72
6wk

032
3wk
032
6wk

0.99
3wk
0.95 6wk

PCB mink TRV sum.wpd
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Ref
Exposure

Chemical &
Source

Exposure
Dunsion

12 month
F,of6-
month
exposed
parents
(F,-I
1993)

Dietary Cone

PCB0.5ppm
TEQ 13.6 ppt

PCB 1.0 ppm
TEQ 26.4 ppt

PCB 025 ppm
TEQ 7.1 ppt

PCB 0.5 ppm
TEQ 13.6 ppt

PCB 1.0 ppm
TEQ 26.4 ppt

Tissue Cone

PCB 0.89
ppm liver

PCB 1.57
ppm liver

PCB 0.63
ppm liver
(control 0.02
ppm)

PCR0.96
ppm liver

1.47

Relative Response Compared to Control
whelped?/
mated?
0.78

0.66

0.85

0.76

0.63

total kits/
whelped?
0.92

0.63

1.05

0.88

0.53

live kits/
whelped?
0.80

0.59

0.%

031

0.09

live kits/
mated?
0.63

0.40

0.84

023

0.07

kitBW,
time
0.77-0.81
birth
0.650.67
3wk
0.93
6wk
0.73-0.74
birth
0.500.59
3wk
0.600.66
6wk
0.87
birth
1 .03-1.10
3wk
0.89-0.95
6wk
0.64-0.73
birth
0.42
3wk
054
6wk
051-0.60
birth

kit survival, time

0.62
3wk
0.05
6wk

0.15
3wk
0.16
6wk

0.76
3wk
0.80
6wk

0.16
3wk
0.18
6wk
0
3wk

PCB mink TOV sun.wpd
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Ref

10

1 1

Exposure
Chemical &
Source
reported as
A 1260
Poplar Creek
& Clinch
River fish

Clophen A50
product;
TEQ
calculated by
WHOTEFs

Exposure
Dunrion

7 month

6 month

18 month

Dietary Cone

0.52 pom
(control O.005
ppm)

1 .01 ppm

136 ppm

PCB 0.77 ppm
(control 0.01
ppm)
TCQ22ppt
PCB 231 ppm
TEQ65ppt
PCB 0.77 ppm
TEQ22ppt
(NOAECTEQ3
PPO

Tissue Cone

O.OOSppm
liver
(control
O.005);
NAfet
(control 32
ppm &t)
O.005ppm
liver,
105.86 ppm
fk
725 ppm
liver,
128.63 ppm
fk

11 ppm lipid
muscle
(control <1
ppm)

Relative Response Compared to Control
whelped?/
mated?
0.58

0.87

1. 16

0.%

0.97

0.95

total kits/
whelped?
120

0.92

0.66

120

1.04

122

live kits/
whelped?
1 . 1 5

I . 'O

0.75

130

0.95

134

live kits/
mated?
0.67

0.%

0.87

124

0.92

127

kitBW,
time
1.02
6wk

0.94
6wk

0.90
6wk

0.99
birth

0.82 birth

0.90 birth
0.69
2wk
0.67
5wk

kit survival, time

0.79
6wk

124

1.57

0.49
2wk

PCB mink TRV sun.vipd



20

Ref

12

Exposure
Chemical &
Source

reported as
PCB(Aroclor
not specified);
Baltic herring

A1242
product
added to
freshwater
smelt

Exposure
DunDon

53 month
before
mating +
exposure
during
mating;
TEQnot
specified
("internat-
ional"
TEFs)
5.3 month
before
mating,
control
exposure
during
mating

Dietary Cone

PCB 231 ppm
TEQ65ppt
PCB 036 ppm
(control 0.024
ppm)
TEQ26ppt
(control 2 ppt)

PCB 2.88 ppm
TEQ157ppt

Tissue Cone

54 ppm

Relative Response Compared to Control
whelped?/
mated?
0.42

1.00

0.80

total kits/
whelped?
0.80

0.92

0.76

live kits/
whelped?
0.45

0.92

0.73

live kits/
mated?
020

0.92

0.58

kitBW,
time
0.75
birth
0.87-
0.90
10 d
0.87-
0.89
50d

0.78-0.81
10 d
0.95-
1.01
50 d

lot survival, time

0
2wk

Notes for Table 2.
Ref- references [abbreviated reference used in the figures and Table 1 in brackets]:
1) [Platonow73] Platonow, N. and L Karstad 1973. Dietary effects of polydikxiraledbqAeryb en rrunk.(^JQxnpMed 37:391-400.
2) [AulerichTT] Aufcrich, R. and R Ringer. l977.OmOTtstattBofPCBtoxk%tornH^arde^OTtheirrep^
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3) (Jensen77] Jensen, S. 1977. Effect of PCB and DOT on mink (Mustela vision) during the reproductive season. Ambio 6: 239.
4) [BleavinsSO] Bteavins, M., R. Aulerich, and R. Ringer. 1980. Polychlorinated biphenyls (Aroclors 1016 and 1242): Effects on survival and reproduction in mink and ferrets. Arch Environ
Contam Toxicol 9: 627-635.
5) [Homshw83] Homshaw, T., R. Aulerich and H. Johnson. 1983. Feeding Great Lakes fish to mink: Effects on mink accumulation and elimination of PCBs by mink. J Toxicol Environ Health
1 1 :933-946.
6) [WrenST] Wren, C, D. Hunter, J. Leatherland, and P. Stokes. 1987. The effects of polychlorinated biphenyls and methybnercury, singly and in combination on mink. 1. uptake and toxic
responses. Arch Environ Contam Toxicol 16:441-447; and II. reproduction and kit development Arch Environ Contam Toxicol 16:449-454.
7) [KJhistrm92] Kihistrom, J., M. Olsson, S. Jensen, A. Johansson, J. Ahlbom, and A. Bergman. 1992. Effect of PCB and different fractions of PCB on the reproduction of the mink (Mustela
vison). Ambio 21: 563-601.

8) [Heaton95] Heaton, S., S. Bursian, J. Giesy, D. Tillitt, J. Render, P. Jones, D. Verbrugge, T. Kubiak and R. Aulerich. 1995. Dietary exposure of mink to carp from Saginaw Bay, Michigan. 1.
Effects on reproduction and survival, and the potential risks to wild mink populations. Arch Eviron Contam Toxicol 28: 334-343; and IHematology and liver pathology. Arch Eviron Contam
Toxicol 29: 41 Ml 7; Tillit, D., R. Gale, J. Meadows, J. Zajicek, P. Peterman, S. Heaton, P. Jones, S. Bursian, T. Kubiak, J. Giesy, and R Aulerich. 1996. Dietary exposure of mink to cap from
Saginaw Bay. 3. Characterization of dietary exposure to planar halogenated hydrocarbons, dbxin equivalents, and bkxriagnification. Environ Sci Technol 30:283-291.
9) [Restum98] Restum, J, S. Bursian, J. Giesy, J. Render, W. Helferich, E. Shipp, D. Verbrugge, and R. Aulerich. 1998. MuWgenerational study of the effects of consumption of PCB-
contaminated carp from Saginaw Bay, Lake Huron, on mink: 1. Effects on mink reproduction, kit growth, and survival, and selected biological parameters. J Toxicol Environ Health Part A 54:
343-375; Shipp, E., J. Restum, J. Giesy, S. Bursian, R. Aulerich, and W. Helferich. 1998. MuMgenerational study of the effects of consumption of RGB-contaminated carp from Saginaw Bay,
Lake Huron, on mink. 2. Liver PCB concentration and induction of hepatic cytochrome P-450 activity as a potential biomarker for PCB exposure. J Toxicol Environ Health Part A 54:377-401;
Tillit, D., R. Gale, J. Meadows, J. Zajicek, P. Peterman, S. Heaton, P. Jones, S. Bursian, T. Kubiak, J. Giesy, and R. Aulerich. 1996. Dietary exposure of mink to carp from Saginaw Bay. 3.
Characterization of dietary exposure to planar halogenated hydrocarbons, dioxin equivalents, and biomagnification. Environ Sci Technol 30:283-291.

TEQ for Restum, et al. (1998) based on the following regression of total PCB (ppm) and H4HE-bioassay TEQ (ppt) (data from Tillit, et aL 1996):
TEQ = (25.735 * PCB) + 0.703 r= 1.0, p= 0.005, for PCB range 0.015-1.53 ppm

10) [Halbrok99] Halbrook, R., R. Aulerich, S. Bursian, and L. Lewis. 1999. Ecological risk assessment in a large river-reservoir 8. Experimental study of the effects of porychlorinated biphenyls
on reproductive success in mink. Environ Toxicol Chem 18:649-654.
11) [BrunstmOl] Brunstrom, B., B. Lund, A. Bergman, L. Asplund, I. Athanassiadis, M. Athanasiadou, S. Jensen, and J. Orberg. 2001. Reproductive toxicity in mink (Mustela vison) chronically
exposed to environmentally relevant polychlorinated biphenyl concentrations. Environ Toxicol Chem 20:2318-2327. An earlierreport is Brunstrom, B, A. Bergman, Backlh, B, B. Lund, and
J. Orberg. 1994. Effects of long-term exposure to PCB and PCB rnethy bulfones on reproduction in the mink./«: Dioxin'94,14^ImematiordS>rnpC6himonCrikrinatedDk)xms,F<Band
Related Compounds (H. Fiedler, ed). Short Papers. Organohalogen Compounds 20:471473. [Data are exclusively taken from 2001 ].
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12) [Kakela02] Kakela, A., R Kakela, H. Hyvannen, and J. Asikainen. 2002. Vitamins A, and A2 in hepatk: tissue arxlsubcdlularfiactions in mink fiofr^o" nsh-based diets and exposed to
Aroclor 1242. Environ Toxicol Chem 21:397-403.
Relative Response Compared to Control = treatment response / control response
Source: product is commercial product mixed with food; field is field-contaminated biota prepared as food
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Summary of Mink PCB Studies and Relative Responses - DRAFT, 9/9/02 PC8rr**RR 123

Lead author Chemical Dietary Treatment
Date PCB cone namemg/kgww
Platonow73 A 1254
Platonow73 A1254
Aulerich77 A 1242
Aulerteh77 A 1254
Autorich77 A 1254
Aulerich77 A 1254
Jensen77 NA
Jensen77 NA
BleavinsBO A1242
BleavinsBO A1242
Homshw83 A 1254
HomshwSS A 1254
Homshw83 A1254
Momshw83 A1254
Homshw83 A 1254
Homshw83 A1254
Wren87 A1254
Kihlstrm92 A50
Kihlstrm92 A1254
Heaton95 PCBHeaton95 PCBHeaton95 PCB
Restum98 PCB
Restum98 PCB
Restum98 PCB
Restum98 PCB
Restum98 PCB
Restum98 PCB
Restum9B PCB
Restum98 PCBRestum98 PCB
Halbrok99 A1260
Halbrok99 A12EO
Halbrok99 A 1260
BrunstmOl A50
BrunstmOl A50
BrunstmOl A50
BrunstmOl A50
Kakela02 PCB
Kakela02 A 1242

0.64
3 5 7

2
1
2
5

33 Group B
1 1 Goup C
5

10
0.21 alewrfe
0.4B whitefish
063 sucker
0.69 perch
15 carp

0.66 perch/sucker
1 PCB

12 Group 2
10 Groups

072 10% carp
153 20% carp
256 30% carp
025 P 1 0 2 5 I O F 1 - 1

05 P 1 O .S t oF I - 1
1 P1 1 .0IOF1-1

025 P1 0.25-0 25 to F 1-2
0.5 P 10 . 5 -05 IOF 1 -2

1 P1 1 .0- 1 .0 to F1-2
025 F1- 1 025-0.25 10 F2

0.5 F 1 - 1 0.5-0 5 to F2
1 F1- 1 1 0 - 1 0 to F2

0.52 DletC
1 .01 DletD
136 DlelE
0.77 ASOtow
2.31 ASOhlgh
0.77 A50 tow
2.31 ASOhlgh
0.36 Baltic herring
2.88 Smelt PCB

Chemical Dietary TEQ Exposure Breeding Generations Tissue
source TEQ cone source duration seasons exposed

pg/g ww month exposed
field
field
product
product
product
product
NA
NA
product
product
field
field
field
field
field
field
product
product
product
field
field
field
Held
field
field
field
field
Held
field
field
field
field
field
field
product
product
product
product
field
product

19.4 H4IIE
40 H4IIE

808 H4IIE
7.1 H4IIE

13.6 H4IIE
264 H4IIE

7.1 H4IIE
13.6 H4IIE
26.4 H4IIE

7 1 H4HE
13.6 H4IIE
264 H4IIE

22 WHO
65 WHO
22 WHO
65 WHO
26 NA

157 NA

5 2
3 4
9 7
4 2
9 7
4 2
2 2
22
8 1
8 1

7
7
7
7
7
7

6. 1
3
3
6
6
6
6
6
6

16
16
16
12
12
12

7
7
7
6
6

18
18

5.3
5 3

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
2
2
2

liver, muscleliver, muscle

adipose
adipose

adipose
adipose
adipose
adiposeadipose
liver
muscle
muscle
liver
lever
liver

fever
•verliver

2 2 liver
2 2 liver
2 2 liver

liver
Over, fat
ttver. fat

2 muscle
2 muscle

Tissue residue Whelp frequency Whelp Total kl
PCB cone. Lipid cont. PCB cone. TEQ cone. Control Treatment RR freq. Control
mg/Xg ww % ww mg/kg Iw ww % % ratio source number
1 23. 0.97

11 99. 3.31

2.8
3.98
1.33
2 2
3.1
6 3

0.98
089
1 57
0.63
0.96
1 .47

<0005
<0005

725

026
1 30

86
280

8 1
13
10
13
37

2.2 18 100
1.8 7400

105.86
128.63

2.4 11
2.4 54

NA
100
100
100
100
92
92

76.2
76.2

90
90
90
90
90
88
93
90
89

495 50
439 50
656 50

69
69
69
86
86
86
79
79
79
86
86
86
93
93
93
93

100
100

0 0.00 text p 393
100 1.00 table 10
80 0.80 table 9
29 0.29 table 10
25 0.25 table 9
73 0.79 table 10 0.00 table 1

0 0 00 table 2
0 0 00 table 2

83 0.92 table 3
80 0.89 table 3
90 1.00 table 3
82 0.91 table 3
27 0.30 table 3
50 0.58 table 3
92 0.99 87b table 2
10 0. 1 1 table 2
30 0.34 table 2
50 1.00 p 335, table 2
SO 1.00 p 335. table 2
50 1.00 p 335. table 2
94 1.36 table 6
93 1.35 table 6
80 1 . 16 table 688 1.02 table 6
67 0.78 table 6
57 0.66 table 6
67 0.86 table 6
60 0.76 table 6
50 0.63 table 6SO 0 .58 text p 652. table 2
75 0.87 text p 652, table 2

100 1 .16 text p 652, table 2
89 0.96 table 3
60 0.97 table 3
68 0.95 table 5
39 0.42 table 5

100 1.00 Iable3
80 0.80 table 3

NA
4.1

6
4. 1

6
5.1
5 . 1
5.8
5.8
5.4
5.4
5.4
5.4
5.4
5.4
6.9
8 . 1

5
5.7
5.7
5.7

5
5
5

6.3
6.3
6.3
5.7
5.7
5.7
6.5
6.5
6.5
4.9
4.9
5.1
5 <
6.6
6 6

Notes:
Treatment data only, control data excluded (control RR » 1.0 by definition)
TEQ source - H4IIE - rat hepatoma cell bioassay; WHO - Van dan Berg, at al (1998)
Exposure duration - month » days / 30.5 or weeks / 4; PCB - turn of multiple Aroclors; NA - not availableRR - relative response «treatment response / control response
Default Live kits/mated female « Live kits/whelped female • fraction of females whelped
Plantonow73 - Treatment 0.64 Live kits/mated female » 3 kMs /10 females surviving (2 deaths out of 12 during breeding)
Jensen77 - PCB type or source not identified. Live kits/whelped female - No. of whelps bom/pregnant female - number of stlllblrths/bltchHomshaw83 - Tissue residue for February 1980. mean values
Klhlslrm92 - Dietary PCB cone. « 2 mg ASQ/d or 1.64 mg A1254M / 0.17 kg food/d (p 564); Table 2 StUbom should be 1 (not 100) for Group 2 (fig 4)Heaton95 - Liver cone, from Tillitt, et al. 96 (Table 4)
Restum98 - Treatment name Is parental designation to offspring designation. TEQ interpolated from Tlllitt, et al. 96 (Tables 1 and 2)Restum98 - Live kits/whelped female - Survivabiltty at birth • Litter size
Restum98 - Kit bodywelght In order of male, female kit; - no survivors; RR Is the unweighted mean of male and female RRs, or single sex RR If only one sex survivedHalbrook99 - Diet A Is used for control; KM survival • (Alive at 6 weeks I Bom alive) • 100
BrunstmOl - Dietary PCB cone. « 0 1 or 0.3 mg ASO/d /0.13 kg/d food ration (p. 2319)Kakela02 - Smelt PCB treatment was exposed for 21 wk before breeding, than switched to control diet during breeding
Kakela02 - Dietary PCB cone = Sum PCB per day / Avenge food consumption; Kit bodywelghl in order of male kit. female kK; RR Is unweighted mean
Kakela02 - Live kits/whelped female <= ((Kits/mother • surviving females) - Dead kits) / surviving females; TEQ - "irrtemetkxiar TEFs but no dale Is given
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Lead author Chemical Dietary Treatment ts / whelped female Total kits / Live kits / whelped female Live kits / Live kits / mated female Live kits /
Date PCB cone name Treatment RR whelped Control Treatment RR whelped Control Treatment RR mated

mg/kgww number ratio source number number ratio source number number ratio source
Plalonow73 A 1254 064 1.8 0.3 0. 17 text p 393, 396
Platonow73
Aulerich77
Aulerich77
Aulerich77
Aulerich77
Jensen77
Jensen77
BleawnsSO
BleavinsSO
HomshwSS
Homshw83
Homshw83
Homshw83
Homshw83
Homshw83
WrenB7
Kihistrm92
Kihistrm92
Heaton9S
Heaton9S
Heaton95
RestumSB
Restum98
Restum98
Restum98
Restum98
RestumSB
Restum98
Restum98Restum98
Halbrok99Halbrok99
Halbrok99
BrunstmOl
BrunstmOl
BrunstmOl
BrunstmOlKakela02Kakela02

A 1254
A 1242
A1254
A1254
A1254
NA
NA
A 1242
A1242
A 1254
A 1254
A1254
A1254
A 1254
A1254
A1254
A50
A1254
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
A1260
A1260
A1260
ASO
A 50
ASO
ASO
PCB
A1242

3 5 7
2
1
2
5

3.3 Group B
1 1 Goup C
5

10
021 alewife
0 48 whltefish
063 sucker
0 69 perch
15 carp

066 perch/sucker
1 PCB

12 Group 2
10 Group 9

072 10% carp
1.53 20% carp
2.56 30 % carp
0.25 P1 0 .25 10F 1 - 1
05 P 10 . 5 10F 1 - 1

1 P1 1 . 0 1 0 F 1 - 1
0.25 P1 0.25-0 25 to F1-2

0.5 P1 0.5-0.5 to F1-2
1 P1 1 .0- 1 .0 IOF1 -2

025 F1-1 025-0.25 to F2
05 F1-1 0.5-0.5 to F2

1 F1-1 1 .0-1 010 F2
0.52 DtolC
1 .01 DletO
1.36 DlelE
0.77 ASO low
2.31 ASO high
0.77 ASO low
231 ASO high
0.36 Baltic herring
2.88 Smelt PCB

0
5.6
5.4

1
3

2.9
0
0
0

6 2
4 9
4 3

5
3
2

7 5
1

3 3
5 3
5 8
3 3
5 8
5. 1
5 1

6
5 8

4
6
5
3

7 8
6

4 3
5 9
5. 1
6 2
4. 1
6 1

5

0.00 text p 393
1.37 table 10
0.90 table 90.24 table 10
0.50 table 9
0.57 table 1
0 00 table 1
0.00 table 2
0.00 table 2
1 . 15 table 3
0.91 table 30 80 table 3
0 93 table 3
0.56 table3
037 table 3
1 .09 87b table 2
0 . 12 table 2
066 table 2
093 table 2
102 table 2
058 table 2
1 16 table 6
1 02 table 6
1 .02 table 6
095 table 6
0.92 tables063 tables105 tables
088 table 6
053 tables
1 20 table 2
0 92 table 2
066 table 2
1 20 table 3
1 04 table 3
1 22 tables
0.80 table 5
0.92 table 3
076 table 3

NA
3.5
5.1
3.5
5.1
4.6
4 6
4 9
4 9
4 2
4 2
4 2
4 2
4 2
5 2
5 8
5.3
4 3

5
5
5

4 7
4 7
4 7
5 6
5 6
5 6
5 5
5.5
5.5
5 2
5 2
5 2

4
4

4 4
4 4
6 6
6 6

0
5

4.4
0.5

1
0.9

0
0
0

5.3
4

2 8
3 7

0
1

6.7
0
0

3 8
4.8
0.7
5.6
4.3
3.6
5.4
4 5
33
5.3
1 .7
0.5

6
5.7
3.9
52
3 8
59

2
6 1
4 8

0.00 text p 393
1 .43 table 10
0.86 table 90.14 table 100.20 table 9
0.20 text, table 10.00 text, table 1
0.00 table 20.00 table 21.26 (able 30.95 table 3
067 table 30.88 table3000 table 3
019 table 3
1 16 87btable2
000 table 2
0 00 table 2
076 table 2
0 96 table 2
014 table 21 19 tables 6, 7091 tables 6, 7
0.77 tables 6. 70.96 tables 6. 70.80 tables 6, 70 59 tables 6. 7
0 96 tables 6. 70.31 tables 6. 70 09 tables 6. 7
1 . 1 5 table 21 . 10 table 2
0.75 table 21 .30 tables
0.95 table 3
134 tables
045 tables0.92 table 3073 tables

1 .8
3.5
5.1
35
5.1
4.2
4.2
38
3.8
38
3.8
3.8
3 8
38
4.4
5.4
4 8
3.7
2 5
2 5
2.5
3 2
3 2
32
4 8
4 8
4 8
4.3
4.3
4 3
4 5
4.5
4 5
3.7
3.7
4.1
4 . 1
66
6 6

0
5

3.5
0. 14
0.25

0.7
0
0
0

4.2
3 2
2 5

3
0

O S
6.2

0
0

1 9
2 4

0.35
5 3

4
2 9
4 7

3
1 .9
3 6

1
0.3

3
4 3
3.9
4 6
3.4
5.2
0 8
6.1
3.8

0.00 text p 393. 398
1.43 table 100 69 table 90.04 table 10
0.05 table 9
0.17 text, table 1
0.00 text, table 1
0.00 table 20.00 table 2
1 . 1 1 table3084 tables
0.66 table 3
0 79 table 30.00 table 3011 table 3
1 . 15 87blable2
0.00 table 20.00 table 2
0.76 p 335, table 2
0.96 p 335, table 2
0. 14 p 335. table 21.66 table 8
1 .25 tables0.91 tables098 tables0.63 tables0.40 tables
0.84 table 6
0.23 tables0.07 tables0 67 text p 652. table 2
0.96 text p 652. table 2
0.87 text p 652. table 21 .24 tables0.92 table 31 .27 tables
0 20 table 5
0.92 table 3
0.58 table 3

Kit bodyweignt 0-1 wk Kit bodywekjht 2-3 wk Kit b
Control Treatment RR Control Treatment RR Control

g g ratio g g ratio g

9.9
99
9.4

8.3
8.3
8.3
8.3

9
28.1

10.5
10.5
10.5

10, 9.2
10, 92
10 .92

1 1 . 1 . 9 .9
1 1 . 1 ,9 .9
1 1 . 1 ,9 .9
9.8, 9.2
9.8, 9.2
9.8, 9.2

9.6
9.6
8.9
8.9

9.3 0.94
5.4 0.55
6.8 0.72

8.4 1 .01
8.5 1.02
8.7 1.05
8.1 0.98
7.7 0.88

21 .6 0.77 107.3

9.76 0.93 98.7
8.66 0.82 98.7
7.49 0.71

9.3.8 .70.94 1 13 .99
8 7 . 7 7 0 . 8 6 1 13 .99
7.5 .7 .30.77 1 13 ,99

9.8, 10.80.99 1 1 6 , 1 10
8.6.8.00.79 1 16 , 1 10
8. 1 ,7 .30 .74 1 16 , 1 10
6.5 ,8 .00.87 1 16, 106
7.2,5.90.69 1 16, 106
S.O. 5.5 0.56

9.5 0.99
7.9 0.82

8 0.90 70
6.7 0.75

63,58
63.58

80.2

66.1
65.8

89,88
76.74
58.58

106,96
78,72
69,55

128, 109
-.45

48
55.52
49.47

122
122
122
122

0.75 227.8

0.67 248
0.67 248
0.84 293, 253
0.71 293,253
0.55 293, 253
0.89 340, 304
0.66 340, 304
0.55 340. 304
1.07 380,326
0.42 380, 326

328
328
328

0.69 258
0.89 566. SOS
0.80 566. SOS
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Lead author Chemical Dietary Treatment
Date PCB cone name

mg/kgww
Platonow73 A1254
Platonow73 A 1254
Auterich77 A1242
Aulerich77 A 1254
Aulerich77 A1254
Aulerich77 A1254
Jensen77 NA
Jensen77 NA
BleavinsSO A 1242
BleavinsSO A1242
Homshw83 A 1254
Homshw63 A1254
Hom>hw83 A1254
Homshw83 A 1254
Homshw83 A 1254
HomshwB3 A1254
Wren87 A 1254
Kihistrm92 A50
Kihlstrm92 A 1254
HeatonSS PCB
Heaton95 PCB
Heaion95 PCB
Restum98 PCB
Restum98 PCB
Restum98 PCB
RestumSB PCB
Restum98 PCB
Restum98 PCB
Restum98 PCB
Restum98 PCB
Restum98 PCB
Halbrok99 A 1260
Halbrok99 A 1260
Halbrok99 A 1260
BrunstmOl A50
BrunstmOl A50
BrunstmOl A50
BrunstmOl A50
Kakela02 PCB
Kakela02 A1242

0.64
357

2
1
2
5

33 Group B
1 1 Goup C
5

10
021 alewife
0.48 whltefish
0.63 sucker
0.69 perch
1.5 carp

066 perch/sucker
1 PCB

12 Group 2
10 Groups

0.72 10% carp
1 .53 20% carp
2.56 30 % carp
025 P1 0.25 to FM

05 P 1 0 .5 t o F 1 - 1
1 P1 I .O t oFM

025 P1 0 25-0.25 to F 1-2
0.5 P10.5-05IOF1-2

1 P1 1 .0-1 O l oF I -2
025 F1-1 025-0.25 to F2

05 F1-1 0.5-0.5 to F2
1 F1-1 1 .0- 1 .010 F2

0.52 Die tC
10 1 DletD
136 DietE
0.77 ASOlow
2.31 ASOhlgh
0.77 ASOlow
231 ASOhlgh
0.36 Baltic herring
2.88 Smelt PCS

dyweight 4-6 wk Kit
Treatment RR bodyweight

g ratio source

table 10
table 10
text

124 102 table 4
107 088 table 4
111 091 table 4
98 0 80 table 4

table 4
161 2 071 87btable4

197 079 table 3
101 041 table 3

table 3
220. 214 0.80 table 8
200. 165 067 tables
102. 1 2 5 0 4 2 tables
3 1 2 , 2 8 0 0 9 2 tables

317. -0.93 table 9
223. 182 0.63 table 9
361 .29 1 0.92 table 10

-. 177 0 54 table 10
table 10

333 1 .02 table 2
307 0.94 table 2
295 n 90 table 2

table 3
table 3

173 067 tables, fig 2
tables

501,4390.68 table 3
573. 481 0.98 table 3

Kit survival KitControl Treatment RR survival
%

NA
64
64
82

55
55
55
55
65
72

85
85
85

7 2 7
7 2 7
7 2 7
803
803
803

73
73
73

635
635
6 3 5

73
73

% ratio source
0 0.00 text p 3S3

91 1.42 table 10
0 0.00 table 10

17 0.21 text

51 0.93 table 3
28 0.51 table 3
40 0 73 table 3
36 0.65 tabto3
0 0.00 table 3

722 1.00 87btable2

28 0 33 Uble311 0.13 tables0 0.00 Ubto3
678 0.93 table 7 wk 6
52.5 0.72 table 7 wk 6

23 0 32 table 7 wk 6
762 0.95 table 7 wk 6
44 0.05 table 7 wk 6

12 .5 0.16 table 7 wk 6
58.3 0.80 table 7 wk 6
133 018 table 7 wk 60 000 table 7 wk 650 0.79 table 2
78.9 1.24 table 2
100 1.57 table 2

36 0.49 text p 2322
0 0.00 text p 2322



PCB mink graph file 123

AUTHORS CHEMICALJSOURCES MONTHS
Platonow73A1254 field 52Piatonow73A1254 field 52
Plalonow73A1254 field 34
Aulencn77 A 1242 producl 97
Aulencn77 A1254 producl 42Aulench?? A1254 product 97
Aulencn77 A1254 product 42
Jensen77 NA NA 22
Jensen77 NA NA 22
Jensen77 NA NA 22
BleavinsSO A1242 product 8 1
BleavinsSO A 1242 producl 8 1Homsnw63 A 1254 field 7
Homshw83 A 1254 field 7
Homshw83 A 1254 field 7
Homsfiw83 A 1254 nek) 7
Homshw83 A 1254 field 7
Homsnw83 A12S4 field 7
Homshw83 A1254 field 7
Homshw83 A1254 field 7
Wren87 A 1254 producl 6 1Wren87 A12S4 producl 6 i
Kihislrm92 A50 producl 3
Kihislrm92
Healon95
Heaton9S
Heaton95
Heaton95
Reslum98
Reslum98
Restum98
Restum98
Reslum98
Reslum98
Restum98
Restum98
Restum98
Reslum98
Restum98
ReslumG8
Halorok99
Halbrok99
Halorok99
Halbrok99
BrunslmO!
BrunslmO!
BnjnslmOl
BrunstmOl
BrunslmOl
Brunslm0 1
Kakela02
Kakela02
Kakela02

A1254
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
A1260
A 1260
A1260
A1260
A50
A50
A50
A50
A50
A50
PCS
PCB
A1242

producl
field
fieldfield
fieldfield
field
field
field
field
field
fieldfieldfield
field
field
field
fieldfield
field
field
produclproduct
productproducl
producl
productfield
field
product

3
6
6
6
6
6
6
6
6

16
10
16
16
12
12
12
12

7
7
7
7
6
6
6

18
18
18

5 3
5 3
5 3

CONTINUO SEASONS
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y 2
Y 2
Y 1
Y 1
Y 1
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N

1
1
1
1
1
1
1
1
1
2
2
?
2

GENERATIOXJRATIONSIETPCB DIETTEQ TISPCBWWTISSUEJ1 03 0 39 liver
0 64 1 23 liver
357 1 1 99 liver

211 <>'_,
o 05 adipose3 3 adipose1 1 adipose

5
10r< 09 adipose021 aapose

°48 adipose063 adipose
069 adeose1 ' adipose
004
066
002 009 hver

1 28 liver
12 398 muscle

1 Season
1 Season
1 Season
1 Season
2 Season
2 Season
2 Season
2 Season

2 2 2 Generatio
2 2 2 Generatio
2 2 2 Generaho
2 2 2 Generatiol

1

1
l
2
2
2
1
1
1 1

10
0 0 1 5

0 7 2
1 53
2 5 6
002
0 2 5

0 5
1

002
0 2 5
0 5

1
0 0 2
0 2 5

0 5
1

00025
0 5 2
1 0 1
1 36
0 0 1
0 7 7
2 3 1
0 0 1
0 77
2 3 1

0024
0 3 6
288

1
1 9 4

40
808

1
7 1

1 3 6
2 6 4

1
7 1

1 36
264

1
7 1

1 3 6
264

22
65

3
22
65

2
26

157

133
0 1
2 2
3 1
6 3

007
096
089
1 57
002
063
096
1 47

00025
00025
00025

725

0012
026
1 3

muscleliver
liverhver
liver

hver
hver
liver
hver
liverliver
liver
liver
hver
liver
liver
liver

muscle
muscle
muscle

TISPCBL TISTEQWWTE01

14
86

280

2 9
8 1
13
10
13
37

181
74

5 H4IIE
495 H4IIE
439 H4IIE
656 H4IIE

10586
12663

05 WHO
" WHO
54 WHO

NA
NA
NA

TISTEQWWTEOTYPES WHELPFRETKITWHELR.KITWHELH.KITMATE KITBW1WKKITBW2WKKITBW4WKKITSURV1
0 0 11
0 8

029
025

1
0 79
0 0 1
0 0 1
0 0 1

1
092
089

1
0 9 1
03

1
058

1
099
O i l
034

1
1
1
1
1

138
1 35
1 16

1
102
0 7 8
066

1
085
076
063

1
058
087
1 16

1
066
097

1
095
042

1
1

08

1
001
1 37
09

024
0 5

1
057
001
001
00 1

1
1 15
09 1

08
093
056

1
0.37

1
1.09
0 1 2
06S

1
093
102
058

1
1 16
1 0 2
102

1
095
092
063

1
1 05
088
053

1
1 2

092
066

1
12

104
1

122
0 8
1

092
076

1
0 0 1
1 43
086
0 14

0 2
1

0 2
0 0 1
001
0 0 1

1
1 26
095
067
088
001

1
0 19

1
1 16
001
0 0 1

1
078
096
0 14

1
1 19
09 1
077

1
096

0 8
059

1
096
031
009

1
1 15
1 1

075
1

1 3
095

1
1 34
045

1
092
073

1
0 1 7
0 0 1
143
069
004
005

1
0 1 7
0 0 1
001
0 0 111 tl
084
066
079
001

1
0 1 1

1
1 15
00 1
001

1
076
096
0 14

1
166
125
091

1
096
063

0 4
1

064
023
007

1
067
096
087

1
124
092

1
1 2 7
02
1

082
098

094
055

1
0 7 2

1
1 01
1 0 2
1 0 5
098

1
086

1
0 7 7

1
093
082
0 7 1

1
094oee
077

1
099
0 7 9
0 74

1
0 8 7
069
056

1
099
082

1
0 9

0 7 6

1
0 7 5

1
0 6 7
067

t
084
0 7 1
055

1
089
068
055

1
1 07
042

1
069

1
089
06

1
1 0 2
088
0 9 1

0 8

1
0 7 1

1
0 79
041

1
0 8

0 6 7
042

1
092
003
063

1
092
064

1
1 0 2
094
09

1
067

1
088
098

1
001
1 42
001

1
0 2 1

1
0 9 3
0 5 1
0 73
065

1
001

1
1

1
033
0 13
U 0 1

1
093
0 7 2
032

1
0 9 5
0 0 5
u 16

1
0 8

0 16
001

1
0 7 9
1 24
1 57

1
0 4 9
0 0 1



JAMES CHAPMAN To: Tala Henry, Mark Sprenger. Glenn Suter, Dale Hoff, Chris Cubbison cc
10/02/2002 03:38 PM Subject: Peer review charge 2

In this message I attached several files related to the chicken TRV. PCB chicken TRV sum.wpd is
the workproduct you are reviewing.
Although the peer review is for the methodology only, not the underlying data, I have attached
sevsnl spreadsheets in case you want to check anything I did. PCB chick RR.123 documents the
data sources and shows the relative response calculations. PCB chicken graph file. 123 is a
translation of the SYSTAT file I used to generate the dose-response plots. PCB chick linear
interpol TRV2.123 shows the TRV calculation for both the log-linear approach I used in the memo,
and the linear approach in the guidance.
I will be in the field the rest of this week, and will be on vacation the next week, returning to the
office after Columbus Day. If anyone needs a copy of any of the papers I cited, please contact my
supervisor Larry Schmitt (he has all the mink and chicken studies I used, the Leonards, et al.
paper, and a copy of the linear interpolation section of the effluent testing guidance (I misplaced
Klemms, et al . , but he has a copy of Chapman, et al.).
Please contact Shari Kolak during my absence if there are scheduling issues.
I sent an earlier message with the mink files and the peer review charge.
James Chapman, Ph.D.
USEPA Region 5 (SR-6J)
77 W. Jackson Blvd.
Chicago, IL 60604
3 1 2 8 8 6 7 1 9 5
3 1 2 3 5 3 5 5 4 1 (fax)
chapman.james@epa.gov

<jr2«h <r2t$..•*». .-fclR
PCB chicke graph f i l e . ! 2PCB chick RR . 123 PCB chick linear interool TRV2. 1PCB chicken TRV sum wpd



UNITED STATES ENVBRQNMENTAL PROTECTION AGENCY
REGIONS

DATE: September 23, 2002

SUBJECT: Revised AvianPCBToxidty Reference Value (TRY)
FROM: James Oiarjnian, PhX>, Ecotogisi
TO: ShariKolak,RPM
Recommended Avian PCS Toxkity Reference Values
The recommended PCB TRVs for birds are 0.1 mg/kgew-d for no effects, and 0.5 mg/kgg^ for tow effects,
based on A1248.
TRVs calculated from exposure to commercial PCB products may urelerestimate the toxk% of PCBs in the field
because of weathering and selective retention in biota. Eflects may also be underestimated due to the relatrv^
sncrt-temi exposure durations of tteniajcrhy of ch^ A single study continued exposure
for 39 weeks in a single treatment, which showed increased atiVeise effects m the final weeks (Fig. 2 in Platonow
and Reinhart 1973). (foweva, since chkJomaieterncetsersitiveavian species tested to date to PCBs, application
of uncertainty factors is not recornrnended for irferspeciikcrsurxhicnic-tD^hrcra
Summary
An issue raised concerning the Baseline Ecological Risk Assessment for the Allied Paper, IncyPortage
Creek/Kalamazoo River Superfund she is the appropriate toxk%iefaenre value (TRY) for PCBs in birds. This
memo presents an analysis of the effects of PCBs on chicken, one of the best-studied and most sensitive avian
receptor of the few species investigated to date.
TRVs are derived from dose-response curves by interpolation of the effective dose to hens (EDJ or effective
concentration in eggs (EC J that corresponds to specific idativeiesporses (calculated as Ire treatment lesponse
divided by the control response). The low-effect level is defined as 0.75 of the control response for any
toxkologjcal endpoint (ED^ or EC )̂, and the no-effect level as equal to the control response (ED100 or ECIOO) (orthe treatment response closest to the H)[00 or ECIOO).
A1248 TRVs range from 0.1 to 0.5 ing/kg^ (noeflsct to low effect) for egg hatehabilhy. The A1248 TRVs for
diidc bodyweight are similar 0.1 to 0.6 mg/kg^v^ but tte TRVs for chick survival are lower 0.1 to03
mg/kgew-d. However, the bodyweight and survival TRVs are based on sparse data (2 mean teearment responses
each) compared to natchability (9 mean treatment responses). TheeggTRVsare05tol3mgA1248/kgwhole
egg, ww, forhatchabiliry (5 mean treatment responses) (Table 1).

PCB chicken TRV sunuvpd



A1254 has Wgher nafchability TRVs compared to the other Aroclors considered: 03 to 12 mg/k^w-dandSto 12
mg1<g egg (each based on 5 mean treatment responses) (Table 1). Chick bodyweight or survival data are not
available for A1254.

A1242 exhibits two patterns: one similar to A1248 v^ratenabfliryTRVsofOJ to0.4rngk^w-d(9rnean
treatment responses from two sets of investigators) and 0.7 to 1.5 mg/kg egg (6 inean treatment responses), and
another approaching that of A1254 with hatehabflhy TRVs of 0.4 to 0.8 mg/kggvyKl (5 mean toeatment responses
from a single investigator). Trie bwA1242 patterns may be due to difie^^
diflerent investigators, dik&ns,iee4 The A1242 TRVs for chick bodyweght should be
interpreted with cautiorHhe dose TRVs, 0.1 to 0.9 rng/fcg^urd, are based on a sparse data (2 mean treatment
responsesXandtheeggTRVs,0.7to lOmg/kg (4 mean treatment tesrxxises), are based on a combiration of
effects on 17-day embryo bodyvveiglitfirjm yolk î ^
Methods
Study results are selected according to the following criteria: 1) studies published in journals (gray literature
exchjded), 2) rnalched control and treatment responses, 3) c^
cessation of exposure are excluded), and 4) treatment responses indivklualry reported (responses based on
combinations of dose levels or difeentArodcctrearrnents are excluded). Statistkzd significance is not a criterion
fix selection since the objective is to develop dose-or ejq^o^
When data are reported tor more than one exposure time, response data for later exposure perkxk take precedence
over earlier exposure periods or data averaged over the entire exposure period Data are taken from text, tables, or
figures so long as the selection criteria are met
The dietary PCB concentrations are converted to tocryweighHionrialized doses by multiplying by the food
ingestion rate reported in the study, or by a default leghorn hen food ingestion rate of 0.067 kg feed/kgaw-d
(Medway and Kare 1959). 1K1B concentration in egg yolk is roriverted to vv^
multiplying by 0364, the proportion of yolk in chicken eggs (Sotherland and Rahn 1987).

Treatment responses are normalized relative to the respective central respc«ses(relatrve response=trearnient
response / control response) so that multiple studies may be cx^mpan^ on a cc>mnx)n basis (for example,
Leonards, et al. 1995) (Table 2). TRVs are defined in terms of percent response relative to control: 100%istheno-
eflfect level, and 75 % is the low-effect level (ED^^-an alternative to the lowest observed adverse effect level
(LOAEL)1. The ED75 is denvedfiom the dose-response oire
that bracket the 75 % effect level, a modification of the linear irtenpoMon method used for estimating the chronic

' The difference between a LOAEL and the 75 % effect level is that the former is based on a statistically discernible difference
between treatment and control response, regardless of the particular efi%ct level, white the latter is based cm a specif^
or exposure-response curve. The latter approach is referred to as "EDx"or"ECx"(ED-effective dose, EC^ffective concentration,
x-setected effect level).



toxiehy of effluents 2(Kkmm,etaL 1994). Interpolation is performed only when the target value fells within the
linear portion of the exposure response plots. No-efl̂ fevds are dflier taken direcdy from the tabfe if the treatment
response does not exceed the control response (but has a idatiw response X).9Xcr is inteqx^ated for teED100 ifthe treatment tespwise exceeds the cailrdic »̂nse(relath« response >1.0> Doses OT effects are not extapolated
beyond the existing data ranges.
Curve-fitting is not done because each of the data points represents a mean response. The appropriate database for
curve-fitting is the underlying replicate data of the various stud^v^ttcharenotavailar^inthepublkations.
The results of chicken studies are plotted below. DoseHESponseielatk*ishipsareevkientforha
8)anddik*bocryweight(fowdiickrxx^^
An eflfect on chick survival is apparent for A1248, but not other Arock^howevaaU of the chkic survival results
are based on scant data (only 2 mean treatment responses each) (Figure 12). There are no consistent dose-response
relationships for egg productivity or fertility (Figures 13-14X but note that the sirigletreatrnentshowirig depressed
fertility is from the onry long-term PCS chicken study (PlatonowandReinhaitl973)indudedin1heoonq)Oa(^
Although trends are apparent far chick deformity rates, studies were not pexfomied at hen closes suffkiendy high to
allow interpolation of ED ,̂ except for the field study using Saginaw Bay carp feed (Figure 15). Only single
estimates are available for the relation between egg concentration ardchk&sunival, so exposur^^
cannot be developed (Figure 16).
The field-exposure study performed with feed containing variable proportions of Saginaw Bay carp (Summer, et al.
1996) is shown as "PCB" in the figures. All other studies used commercial Aroclors. The Saginaw data are
included for comparative purposes and are not used for deriving TRVs.
The original data used for calculating relative responses and their sources are documented ma separate
spreadsheet titled "Summary of Chicken PCB Studies and Rdatiw Responses''(PCB chick RR. 123).
Literature Cited
Klemm, D., G. Monison, T. Norberg-King, W. Pdtier, and M Heber. 1994. ShonMerm Nfcdiods for Estimating
the Chronic Toxicity of Effluents and Receiving Waters to Marine and Estuarine Organisms, 2nd ed. Office of
Research and Development, U.S. Environmental Protection Agency, Cincinnati. EPA/60(V4-91/003.

Leonards, P., T. de Vries, W. Mirmaard, S. Stuijfeand, P. de Voogt, W. Cofino,N. vanStraalenand B. van
Hattum. 1995. Assesaiient of expeniTienlalo^ on PCB-irrfiiced reproduce
isomer- and congener-specific approach using 2^ J,84etracHorcdibenzo-p-dioxin toxic equivalency. Environ
Toxicol Chem 14:639-652.

2Onemodificadonisthattreinten3olatknbperfiinriedwithtre This is done
because most of the responses are linear against the logarithm of the dose or egg concentratim (see figures). Another modification is that no
aijustment is made when treatment responses exceed control responses, SJTKX the recommended procedure applies to the results of a single
study, not the multiple studies used here. Note that there are errors mine Appendix L example calculation in KJemm, etaL (1994).
PCB chicken TRY sumwpd



Medway, W. and M Kare. 1959. Water metabolism of the growing domestic fowl with special reference to water
balance. Poultry Sd 38:631-637. as cited in USEPA. 1995. Great Lakes Water Quality Initiative Criteria
Documents for the Protection of Wikflife DDT, Mercury, 2 ,̂7,8-TCDD, PCBs. Office of Water. EPA-820-B-95-
008.
Platonow, N. and B. Reinhart 1973. The effects of potychiorinated biphenyls Arodor 1254 on chicken egg
production fertility and hatchability. Can J Camp Med 37:341-346.
Sotheriand, P. and R Raha 1987. On the composition of bird eggs. Condor 89:48-65. as cited in Hoffrnan, D, C.
Rice, and T. Kubiak. 1996. PCBs and dioxins in birds, hi Environmental Q)rtaminants in Wikffife, lnteq«eting
Tissue (Concentrations. (W. Beyer, G. Heinz and A Rednaon-Norwood, eds.). Lewis, Boca Ratoa pp. 165-207.
Summer, C, J. Giesy, S. Bursian, J. Render, T. Kubiak, P. Jones, D. Verbrugge, and R. Aulerich. 1996a Effects
induced by feeding orgarochlorine-contarninaled carp fiom Saginaw Bay, Lake Huron, to laying white leghorn
hens. I. Effects on health of aduh hens, egg production, and fertility. J Toxkol Environ Health 49: 389-407.
Summer, C_ J. Giesy, S. Bursian, J. Render, T. Kubiak, P. Jones, D. Verbrugge, and R. Aulerich. 1996b. Effects
induced by feeding organochkxineKXintarninated carp fiom Saginaw Bay, Lake Huron, to laying white leghorn
hens. n. Embryotoxk and teratogenic effects. J Toxicol Environ Heahh 49: 409-438.

cc: Larry Schmrtt, Section Chief, USEPA
Tom Alcamo, RPM, USEPA
Brian von Gunten, RPM, MDEQ
Tony Gendusa, CDM
Lisa Williams, USFWS
Dan Sparks, USFWS
Jay Means, Western Michigan University, Kalamazoo River TAG
Charles Ide, Western Michigan University, Kalamazoo River TAG
John Giesy, Michigan State University, Entrix
Alan Blankensip, Entrix
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Figure 1. Hatehabilily vs. Dose to Chkfcen Hens Figure 2. Hatehability vs. Al 242 Dose to Hens
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Figure 3. Hatehability vs. A1248 Dose to Hens Figure 4. Hatehability vs. A1254 Dose to Hens
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Author is lead author and date. See notes to Table 2 for citations.
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Figure 5. Hatchability vs Egg Residue Figure 6. Hatehability vs A1242 Egg Residue

17

1.0

08

f 0 6

! 04

02

0. 1 10 100
Whole Egg PCB Concartrrion (rngftg ww)

CHEMICAL
° A1242
« A1248
> A1254
a PCB

l.£

1 0

I 08

1 06

1 04

02

nn

3

-

J,

-

-

. . . . . . „ . . . . . I

AUTHOR
o BriOon73
« 1 «î T7x

1.0
Wwto Egg PCB Concantratam (mgfeg ww)

Figuie 7. Hatchabilily vs A1248 Egg Residue Figure 8. Hatchability vs A1254 Egg Residue
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Figure 9. Chick Bodyweight vs Dose to Hens Figure 10. Chick Bodywaght vs Egg Residue
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Figure 11. Chick BWvsA1242 Egg Residue Figure 12. Chick Survival vs. Dose to Hens
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Figure 13. Egg Productivity vs. Dose to Hens Figure 14. Egg Fertility vs. Dose to Hens
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Figure 15. Chick Normality vs. Dose to Hens Figure 16. Chick Survival vs. Egg Residue
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TaMe 1. Log-Linear Interpolation of PCB Toancty Reference Values (TRV) for Chicken
Chemical

Treatment dose Treatment dose
Response Cortrol <TRV >TRV Target

RR dose RR dose RR RR
MI q

Hen Dose '•*««*•»• -»*
A1242
A1242
A1242
A1242
A1242
A1242
A1248
A1248
A1248
A1248
A1248
A1248
A1254
A1254
tggtxNiu

A1242
A1242
A1242
A1242
A1248
A1248
A1254
A1254

v"»"wwr"f
hatchabKy
hakJiduKy
hakJuuRy
hatchabRy
chckbw
chckbw
hafchabXy
hatchabHy
chckbw
chckbw
suvwal
suvfval
hathabBy
hatchabity

enbafkm (mg/kg, ww)

hatchabity
hatchabity
chckbw
chckbw
hatchabity
hatchabity
hatchabity
hatchabity

1
1
1
1
1
1
1
1
1
1
1
1
1
1

M,
1
1
1
1
1
1
1
1

067
034
034
0.12
0.12
0.12
0.34
0.12
0.12
0.12
0.12
0.12
0.34
0.34

coneq
1.35
0.62
Z44
024
0.41
0.41

7.5
7.5

M,

082
1.03
034
098
058
098
096
058
0.94
054
0.99
059

1
1

M
0.82
1.03
0.93
1.07
1.04
1.04

1
1

^

134
067
067

121

0.67

121

121

122

cone

226
1.35

14
Z44

3
3

12

M,,

055
0.82
0.51

0.71

055

0.67

0.44

0.74

^
0.55
0.82
0.71
0.93
0.55
0.55
0.74

P

0.75
1

0.75
1

0.75
1

0.75
1

0.75
1

0.75
1

0.75
1

P
0.75

1
0.75

1
0.75

1
0.75

1

TRV Effect level

080 tow effect
0.37 no effect
0.41 tow effect
0.12 noefect
086 tow effect
012 no effect
0.48 tow effect
O12 no effect
0.61 low effect
0.12 no effect
033 tow effect
0.12 no effect
1.16 tow effect
0.34 no effect

TRV Effect level
1.54 tow effect
0.69 no effect

10.19 tow effect
0.77 no effect
1.33 tow effect
0.48 no effect

11. 79 low effect
7.5 no effect

Study

Briton73
Briton73
LJfeTS
LfcCed74
UaCecf74
LJfeCed74
Ufe75;Scot77
LJfeCed74
LJfaCed74
LfeCed74
LfeCecf74
UaCed74
Ftetonw73;UfeCeci74
PtatDnw73

Study
Brton73
Brton73
GouH97; LJfeCed74
GoJd97
ScottT?
Soctf77
PbtonwTS; LJeCed74
Platonw73

Notes for Table 1.

bw - bodyweight
cone - whole egg PCB concentration, mgkg, ww
dose - bodyweight-normalized ingestion, mg PCB1<gew-dRR- relative response = treatment response /control response
Study - lead author, date; see notes for Table 2 for citations
TRV - toxicity reference value for PCB dose (D) (mg/kggurd) or whole egg cc«Hitratk>n(Q(mg^ wet weight (ww))

Loglo TRV = Log,0 D( + (((M, * P)- M) " ((Lqg,. EJ», - Log,0

TOV=10
UBlOTOV

PCB chicken TRV sum .wpd
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Table 2. Chicken PCB Toxkhy Studks

Ref

1

2

3

Exposure
Chemical,
Source
A 1242
product

A 1242
product

A1254
product

Species

chicken
(white
leghorn)
chicken
(broiler)

chicken
(white
leghorn)

chicken
(white
leghorn)

Exposure
Duration

6wk

6wk

14wk

39 wk

Dose to Hen
(mg/kg-d)
1.34
335
134
335
034
(control NA)
0.67

134

2.68

5.36

034
(control NA)

034

Egg Cone
(whole ww)

0.62 ppm
6wk
135 ppm
6wk
226 ppm
6wk
2.8 ppm
6wk
10.01 ppm
6wk
5.5 ppm
(max.)
2-14wk
7.5 ppm
(max.)
26-35 wk

Relative Kesponse Compared to Control
Egg
Productivity

0.92, 6 wk

036
6wk
0.41
6wk
0.77
6wk
0.90
6wk
0.87
1-14 wk

0.80
26-39 wk

Egg
Fertility

0.98
1- 14 wk

0.74
34-39 wk

Hatchability

0.10,6wk
0,6wk
0.09, 6 wk
0.07, 6 wk
1.03,6wk

0.82
6wk
0.55
6wk
0
6wk
0
6wk
1
1-14 wk

1
1-39 wk

Chick
BW

Chick
Survival

Chick
Normality

PCB chicken TRY sum .wpd
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Ref

4

5

Exposure
Chemical,
Source

A1254
product

A122I
product
A1232
product

A 1242
product

A 1248
product

Species

chicken
(white
leghorn)

chicken
(white
leghorn)

Exposure
Duration

14 wk

6wk

9wk

Dose to Hen
(mg/kg-d)
335

5.5
(control NA)

130
(control NA)
134

0.12

121

0.12

Egg Cone
(whole ww)
50 ppm (max.)
2-14wk
lOppm
1 wk;
24 ppm
2wk;
36.4 ppm
3wk;
(control NA)

<Ippm
9wk
2.5 ppm
9wk

14ppm
9wk

Relative Response Compared to Control
Egg
Productivity
0.75
1- 14 wk
1.02
1-6 wk

1
0-9 wk
0.91
0-9 wk

0.95
0-9 wk

0.85
0-9 wk

0.97
0-9 wk

Egg
Fertility
1.05
1- 14 wk
1.05
1-6 wk

Hatchability

0
3-6 wk
0.41
2wk;
0
3-6 wk

0.99
0-9 wk
0.60
0-9 wk
0.43
8wk
0.98
0-9 wk

020
0-9 wk
0.10
8wk
0.99
0-9 wk

Chick
BW

0.98
6-9 wk
0.85
6-9 wk

0.98
6-9 wk

0.71
6-9 wk

0.94
6-9 wk

Chick
Survival

1

0.93

0.99

0.93

0.99

Chick
Normality

PCB chicken TRY sum .wpd
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Ref

6

Exposure
Chemical,
Source

A1254
product

A1268
product
A 1232
product

A 1242
product

A 1248
product

Species

chicken
(white
leghorn)

Exposure
Duration

8wk

Dose to Hen
(mgfcg-d)
12 1

0 . 13

122

128

0.67
(control NA)
134
034
0.67

134

034
0.67

Egg Cone
(whole ww)
lOppm
9wk

12ppm

23ppm

Relative Response Compared to Control
Egg
Productivity
0.85
0-9 wk

0.97
04 wk
0.90
0-9 wk

0.94
09 wk

EggFertility
Haichability

0.13
0-9 wk
0.09
Swk
0.%
0-9 wk
0.86
0-9 wk
0.74
Swk
0.98
0-9 wk
0.86
Swk
0.57, Swk
0.84, 0-8 wk
0.74, 0-8 wk
0.51, Swk
031, 0-8 wk
0.06, Swk
0.96, 0-8 wk
0.75, OSwk
0.42, Swk

Chick
BW
0.67
6-9 wk

0.93
6-9 wk
0.87
6-9 wk

0.96
6-9 wk

Chick
Survival
0.44

1

0.95

1

Chick
Normality

0.94
0.93

0.90

1
0.97

PCB chicken TRV sum .wpd
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Ref

7

8

Exposure
Chemical,
Source

A 1248
product

reported as
A1242,
1248, 1254
and 1260;
H4IDE

Species

chicken
(white
leghorn)

chicken
(white
leghorn)

Exposure
Duration

8wk

8wk

Dose to Hen
(mg4<g-d)
134

0.03
(control NA)

0.07

0.67

1.34

PCB 0.04
(control
0.016);
TEQIAng/kg-d
(control 02)

Egg Cone
(whole ww)

0.16ppm
4wk;
022 ppm
8wk
033 ppm
4wk;
0.41 ppm
8wk
22 ppm
4wk;
3ppm
8wk
4.5 ppm
4wk;
7ppm
8wk
4ppm
4-8 wk
(control
Ippm)

Relative Response Compared to Cortrol
Egg
Productivity

0.99
8wk

1.03
8wk

0.92
8wk

0.87
8wk

137
4-8 wk

Egg
Fertility

0.99
4-8 wk

Hatchability

024, 0-8 wk
0.06, 8 wk
1.01
4wk
1.01
8wk
0.98
4wk
1.04
8wk
0.73
4wk
0.55
8wk
0.03
4wk
0.03
8wk
1.05
4-8 wk

Chick
BW

1.0
hatch

Chick
Survival

Chick
Normality
0.89

0.93
-1 toSwk

bioassay
TEQ;
Saginaw
Bay carp

PCB chicken TRY sum .wpd
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Ref

9

Exposure
Chemical,
Source

A 1242
product

A1254
product

Species

chicken
eggs
(white
leghorn)

Exposure
Duration

injected in
yolk

Dose to Hen
(mgfcg-d)
PCB036;
TEQ32

Egg Cone
(whole ww)
26ppm
4-8 wk

0.02 ppm
(control NA)
024 ppm

2.44 ppm

0.02 ppm

024 ppm

2.44 ppm

Relative Response Compared to Control
Egg
Productivity
1.63
4-8 wk

Egg
Fertility
128
4-8 wk

Hatchabiliry

0.82
4-8 wk

Chick
BW
1. 1
hatch

1.08
embryo
1.07
embryo
0.93
embryo
1.03
embryo
1.02
embryo
0.92
embryo

Chick
Survival

Chick
Normality
0.72
-1 toSwk

Notes for Table 2.
Ref- references [abbreviated reference used in the figures and Table 1 in brackets]:
1)[Briggs72]Briggs,D. and J.Harris. 1972. Pcfychkxinaredbipherrylsinfluerxxonr^^ 1291-1294.
2) [Briaon73] Britton, W. and T. Huston. 1973. Influerxxofporychlcrinatedbirjhenylsmtte 1620-1624.
3) [Platonw73] Platonow, N. and B. Reinhart 1973.TheeflfectsofpolychlccinaredbiphenybATO^

PCB chicken TRV sum .wpd
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4) [Tumas73] Tumasonis, C, B. Bush, and F. Baker. 1973. PCB levels in egg yolks associated with embryonic mortality and defbnnily of hatched chicks. Arch Environ Contam Toxkol 1:
312-324.
5) [Lillie/Cecil74 or Lillie/C74] Lillie, R., H. Cecil, J. Bitman, and G. Fries. 1974. Differences in response of caged white leghorn layers to various porychlorinated biphenyls (PCBs) in the diet
Poultry Sci 53: 726-732; Cecil, H., J. Bitman, R. Lillie, G. Fries, and J. Verrett. 1974. Embryotoxic and teratogenic effects in unhatched fertile eggs from hens fed polychlorinated biphenyls
(PCBs). Bull Environ Contam Toxicol II: 489-495.
6) [Lillie75] Lillie, R., H. Cecil, J. Bitman, G. Fries, and J. Verrett 1975. Toxkity of certain polychJorinated and polybrominated biphenyls on reproductive efficiency of caged chickens. Poultry
Sci 54: 1550-1555.
7) [Scott77] Scott, M. 1977. Effects of PCBs, DOT and mercury compounds in chickens and Japanese quail Fed Proceed 36: 1888-1893.

8) [Summer96] Summer, C., J. Giesy, S. Bursian, J. Render, T. Kubiak, P. Jones, D. Verbrugge, and R. Aufcrich. 1996a Eflfects induced by feeding oigano(±k)rine-contaminated catp from
Saginaw Bay, Lake Huron, to laying white leghorn hens. I. Effects on health of adult hens, egg production, and fertility. J Toxicol Environ Health 49: 389-407; Summer, C., J. Giesy, S. Bursian,
J. Render, T. Kubiak, P. Jones, D. Verbrugge, and R. Aulerich. 1996b. Effects induced by feeding organochkxine-contaminated carp from Saginaw Bay, Lake Huron, to laying white leghorn
hens. II. Embryotoxic and teratogenic effects. J Toxicol Environ Health 49:409-438. Weeks represent time from onset of exposure in contrast to the original publications in which the number of
weeks include a 2-wk acclimation period prior to PCB exposure.
9) [Goukt97] Gould, J., K. Cooper, C. Scanes. 1997. Effects of polychlorinated biphenyl mixtures and three specific congeners on growth and circulating growth-related hormones. Gen Compar
Endrocrinol 106:221-230.

Exposures occur through contaminated feed except for Tumasonis, et al. (1973) through contaminated water, and Gould, et al. (1997) through yoOc injection.
Relative Response Compared to Control = treatment response / control response
Source: product is commercial product mixed with feed or in water, field is field-contaminated biota prepared as feed
Dose: Calculated from experimental data when available. Generic calculation based on a white leghorn hen food ingestion rate of 0.067 kg feecMqjBW-d(Medway and Kare 1959 cited in USEPA
1995).
Egg Concentration: Yolk concentration is converted to whole-egg concentration by multiplying by 0364 (Southerland and Rahn 1987 as cited in Hofirnan,etaL 1996).
Chick normality is the proportion of chicks without deformities (= 1 - deformity rate)

PCB chicken TRV sum .wpd
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Lead author Chemical Dietary Food Dose Exposure Yolk Whole
Date cone. ingestion duration cone egg cone,

mg/kg fw kg/kgbw fw mg/kg-d wk mg/kg fvv mg/kg fw
Briggs72 A1242 20 0.067 1 . 34 6
Briggs72 A1242 50 0.067 3 .35 6
Bnggs72 A1242 20 0.067 1 . 34 6
Briggs72 A1242
Britton73 A1242
Britton73 A1242
Britton73 A1242
Britton73 A 1242
Britton73 A1242
Platonw73 A1254
Platonw73 A1254
Platonw73 A1254
Tumas73 A1254
Lillie/Cecil74 A1221
Lillie/Cecil74 A1232
Lillie/Cecil74 A 1242
Lillie/Cecil74 A1242
Lillie/Cecil74 A1248
Lillie/Cecil74 A1248
Lillie/Cecil74 A1254
Lillie/Cecil74 A1254
Lillle/Cecil74 A 1268
Lillie75 A1232
Lillie75 A1232
Lillie75 A1242
Lillie75 A1242
Lillie75 A1242
Lillie75 A124S
Lillie75 A1248
Lillie75 A1248
Scot177 A1248
Scott77 A1248
Scott77 A1248
Scott77 A 1248
Summer96 PCB
Summer96 PCB
Gould97 A1242
Gould97 A1242
Gould97 A1242
Gould97 A1254
Gould97 A1254
Gould97 A1254

50
5

10
20
40
80

5
5

50
50
20
20

2
20

2
20

2
20
20
10
20

5
10
20

5
10
20

0.5
1

10
20

0.8
6.6

yolk inject
yolk inject
yolk inject
yolk injectyolk injectyolk inject

0.067
0.067
0.067
0067
0067
0.067
0.067
0.067
0.067

0 . 1 1
0.0649

0.067
0.0615
0.0605
0.0623
0.0607
0.0636

0.061
0.0641

0.067
0.067
0.067
0.067
0.067
0.067
0067
0.067
0.067
0.067
0.067
0.067

0.0553
0.0548

335
034
0.67
1 34
2 6 8
5.36
034
0.34
3.35
5 5 0
1 30
1 .34
0. 12
1 . 2 1
0 . 1 2
1 . 2 1
0 . 1 3
1 .22
1 .28
0.67
1 .34
0.34
0.67
1 .34
0.34
0.67
1 .34
0.03
0.07
0.67
1.34
0.04
0.36

6
6
6
6
6
6

14
39
14

6
9
9
9
9
9
9
9
9
9
8
8
8
8
8
8
8
8
8
8
8
8
8
8

1 . 7
3.7
6 2
7 .7

2 7 5

100

0.067
0.67

6.7
0.067

0.67
6.7

0.62
1 35
2 2 6
2.80

10.01
5.5
7.5
50

36.40
<1

2.5
14

10

12
23

0.22
0.41

3
7
4

26
0.02
0.24
2.44
0.02
0.24
2.44

Egg cone,source

table 3 wk 6
table 3 wk 6
table 3 wk 6
table 3 wk 6
table 3 wk 6
fig 4 max. wk 12
fig 4 max. wk 26
fig 4 max. wk 12
fig 2 wk 3
Cecil fig 4 wk 9
Cecil fig 4 wk 9
Cecil fig 4 wk 9
Cecil fig 4 wk 9
Cecil fig 4 wk 9
Cecil fig 4 wk 9

table 1 wk 8
table 1 wk S
table 1 wk 8
table 1 wk 8
96b table 1 wk 6-1
96b table 1 wk 6-1
table 1
table 1
table 1table 1table 1table 1

Productivity
Control Treatment
# or % * or %

61
61
61
61
61

82.7
72

82.7
8.6

79.4
79.4
79.4
79.4
79.4
79.4
79.4
79.4
79.4

74.5
74.5
74.5
74.5

54
54

56
22
25
47
55
72

57.5
62.2
8.77
79.3
71 .9
75.5
67.5
76.9
67.5
77.1
7 1 .3
74.4

74
76.6
68.7
64.8

74
88

Productivity Fertility Fertility
RR source Control Treatment RR source
ratio % % ratio

0.92 table 1 wk 6
0.36 table 1 wk 6
0.41 table 1 wk 6
0.77 table 1 wk 6
0.90 table 1 wk 6
0.87 text p 343 wk 1-1 4 85.5
0.80 text p 343 wk 26-3 85
0.75 text p 343 wk 1 - 14 85.5
1 .02 table 1 wk 1-6 92.3
1 .00 Lillie table 1 wk 0-9
0.91 Lillie table 1 wk 0-9
0.95 Lillie table 1 wk 0-9
0.85 Lillie table 1 wk 0-9
0.97 Lillie table 1 wk 0-9
0.85 Lillie table 1 wk 0-9
0.97 Lillie table 1 wk 0-9
0.90 Lillie table 1 wk 0-9
0.94 Lillie table 1 wk 0-9

0.99 table 3 wk 8
1 .03 table 3 wk 8
0.92 table 3 wk 8
0.87 table 3 wk 8
1 .37 96a table 5 wk 6-1 67
1.63 96a table 5 wk 6-1 67

83.6 0.98 text p 344 wk 1-14
63.3 0.74 fig 2 wk 34-39
89.9 1 .05 text p 344 wk 1- 14
97.2 1 .05 table 1 wk 1-6

66.6 0.99 96a table 6 wk 6-1
85.7 1 .28 96a table 6 wk 6-1

Notes:
Default Food ingestion rate - 0.067 kg feed/kgbw-d while leghorn hen (Medway and Kare 1959)
Whole egg cone. » 0.364 yolk cone. (Southerland and Rahn 1987)
RR - relative response = treatment response / control response; Normality = 1 - deformity
Tumas73 - Dietary cone, is mg/l water cone; Food ingestion rate is l/kgbw-d water ingestion = 0. 177 l/hen/d / 1 .6 1 kgbw/hen (p. 314, 315)
Lillle/Cecll74 - Food consumption = treatment food/hen-d (Lillie table 2 wk 0-9) / 1 .953 kg mean initial hen bodywelgnt (Ullie p 727)
Lillle75 - Normality = 1 - abnormal embryos as % of fertile eggs
Summer96 - Food ingestion rale - mean for wk 3-10 (96a table 4); Chick deformity recalculated from 96b table 5 (replace rounded percentages)
Gould97 - Yolk injection on day 0 of incubation Treatment "chick* bodyweight is % difference in 17-d embryo bodywelght compared to control
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Lead author Chemical Dietary
Date cone,

mg/kg fw
Briggs72 A1242 20
Briggs72 A1242 50
Briggs72 A1242 20
Briggs72 A 1242 50
Britton73 A1242 5
Britton73 A 1242 10
Britton73 A1242 20
Britton73 A1242 40
Britton73 A1242 80
Platonw73 A1254 5
Platonw73 A1254 5
Platohw73 A 1254 50
Tumas73 A 1254
Lillle/Cecil74 A1221
Lillie/Cecil74 A1232
Lillie/Cecil74 A1242
Lillie/Cecil74 A 1242
Lillie/Cecil74 A1248
Lillie/Cecil74 A 1248
Lillie/Cecil74 A 1254
Lillie/Cecil74 A1254
Lillie/Cecil74 A1268
Lillie75 A1232
Lillie75 A1232
Lillie75 A1242
Lillie75 A1242
Lillie75 A1242
Lillie75 A1248
Lillie75 A1248
Lillie75 A1248
Scott77 A1248
Scott77 A1248
Scott77 A1248
Sco«77 A1248
Summer96 PCB
Summer96 PCB
Gould97 A1242
Gould97 A1242
Gould97 A1242
Gould97 A 1254
Gould97 A1254
Gould97 A1254

50
20
20
2

20
2

20
2

20
20
10
20

5
10
20

5
10
20

0.5
1

10
20

0.8
6.6

yolk inject
yolk inject
yolk inject
yolk inject
yolk inject
yolk inject

Hatchability
Control Treatment

% %
68.9 72
68.9 0
6 5 5 6 2
655 4 .5

91 94
91 75
91 50
91 0
91 0
90 90
90 90
90 0

8 4 7
9 3 7
924
93.7
92.4
9 3 7
92.4
93.7
924
9 3 7

90
90
91
90
90
91
90
90

90.5
90.5
90.5
90.5
85.8
85.8

0
93.2

40
922

9
92.3

8
89.7

68
92.2

77
51
76
46

5
87
38

5
91 .6
93.7

50
2 4
90

70.2

RR
ratio
0 . 10
0.00
0 0 9
0.07
1 .03
0.82
0.55
000
0.00
1 .00
1 .00
000
0.00
0 9 9
0.43
0.98
0 . 10
0.99
0 0 9
0.96
0.74
0.98
0.86
0.57
0.84
0.51
0.06
0.96
0.42
006
1 .01
1 .04
0.55
0.03
1 .05
0 8 2

Hatchability Chick Bodyweighl
source Control Treatment RR

g g ratio
table 1 wk 6 leghorn
table 1 wk 6 leghorn
table 1 wk 6 broiler
table 1 wk 6 broiler
table 3 wk 6
table 3 wk 6
table 3 wk 6
table 3 wk 6
table 3 wk 6
text p 344 wk 1 - 14
text p 344, wk 1 -39
text p 344 wk 2- 14
table 1 wk 3-6
Lillie table 3 wk 0-9
Cecil fig 1 wk 8
Lillie table 3 wk 0-9
Cecil fig 1 wk 8Lillie table 3 wk 0-9
Cecil fig 1 wk 8
Lillie table 3 wk 0-9
Cecil fig 1 wk 8
Lillie table 3 wk 0-9
textp 1554wk8
textp 1554 wk 8
(able 3 wk 4-8
textp 1554wk 8
textp 1554 wk 8
table 3 wk 4-8
textp 1554wk8
textp 1554wk8
table 4 wk 8
table 4 wk 8
table 4 wk 8
table 4 wk 8
96b table 2 wk 6-1
96b table 2 wk 6-1

163
163
163
163
163
163
163
163
163

3449
3449

159
139
160
1 15
153
109
151
141
156

3449
37.81

+8.4 %
+6.7 %
-7.0 %
+2.8 %
+2.1 %
-7.7 %

0.98
0.85
0.98
0.71
0.94
0.67
0.93
0.87
0.96

1 .00
1 . 10
1.08
1 .07
0.93
1 .03
1.02
0.92

Bodyweight Chick Survival Survival hick Normality (1 - defomlty
source Control Treatment RR source Control Treatment RR

% % ratio % % ratio

Lillie table 4 wk 6- 98.4
Lillie table 4 wk 6- 98.4
Lillie table 4 wk 6- 98.4
Lillie table 4 wk 6- 98.4
Lillie table 4 wk 6- 9o .4
Lillie table 4 wk 6- 98.4
Lillie table 4 wk 6- 98.4
Lillie table 4 wk 6- 98.4
Lillie table 4 wk 6- 98.4

96b table 4 wk 6-1096b table 4 wk 6-10
fig 2 (17-d embryo)
fig 2 (1 7-d embryo)
fig 2 (17-<J embryo)
fig 2 (17-d embryo)
fig 2 (17-d embryo)
fig 2 (17-d embryo)

98.3 1.00 Lillie table 4 wk 6-9
91.9 O.Q3 Lillie table 4 wk 6-9
97.1 0.99 Lillie table 4 wk 6-9
91 .7 0.93 Ullie table 4 wk 6-9
97.5 0.99 Ullie table 4 wk 6-943.7 0.44 Lillie table 4 wk 6-9
98.7 1.00 Lillie table 4 wk 6-9
93.7 0.95 Lillie table 4 wk 6-9
98.7 1 .00 Lillie table 4 wk 6-9

98
98
98
98
98
98

82.7
82.7

92 0.94
91 0.93
88 0.90
98 1 .00
95 0.97
87 0.89

76.5 0.93
59.9 0.72
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Lead author Chemical
Date
Briggs72 A1242
Briggs72 A 1242
Briggs72 A1242
Briggs72 A1242
Britton73 A1242
Britton73 A1242
Britton73 A1242
Britton73 A1242
Britton73 A1242
Platonw73 A1254
Platonw73 A1254
Platonw73 A1254
Tumas73 A1254
Lillie/Cecil74 A 1221
Lillie/Cecil74 A 1232
Lillie/Cecil74 A 1242
Lillie/Cecil74 A1242
Lillie/Cecil74 A1248
Lillie/Cecil74 A1248
Lillie/Cecil74 A1254
Lillie/Cecil74 A1254
Li!lie/Cecil74 A1268
Lillie75 A1232
Lillie75 A1232
Lillie75 A1242
Lillie75 A1242
Lillie7S A1242
Lillie75 A 1248
Lillie75 A1248
Lillie75 A1248
Scott77 A1248
Scott77 A1248
Scott77 A1248
Scott77 A1248
Summer96 PCB
Summer96 PCB
GoukJ97 A1242
Gould97 A1242
Gould97 A1242
Gould97 A1254
Gould97 A1254
Gould97 A1254

Dietary
cone.

mg/kg fw
20
50
20
50

5
10
20
40
80

5
5

50
50
20
20

2
20

2
20

2
20
20
10
20

5
10
20

5
10
20

0.5
1

10
20

0.8
6.6

yolk inject
yolk Inject
yolk inject
yolk inject
yolk inject
yolk inject

Normality
source

Table 3 wk 4-8
Table 3 wk 4-8
Table 3 wk 4-8
Table 3 wk 4-8
Table 3 wk 4-8
Table 3 wk 4-8

96btab l e5wk 1 - 10
96btab l e5wk 1 - 10
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AUTHORS CHEMICAL$SOURCE$ SPECIESS
Briggs72 A1242 product chicken
Briggs72 A1242 product chicken
Briggs72 A1242 product chicken
Bnggs72 A1242 product chicken
Britton73 A1242
Britton73 A1242
Britton73 A1242
Britton73 A1242
Britton73 A1242
Platonw73 A1254
Platonw73 A1254
Platonw73 A1254
Tumas73 A1254
Lil l ie/C74 A1242
Lil l ie/C74 A1242
Lil l ie/C74 A1248
Lil l ie/C74 A1248
Lillie/C74 A1254
Lil l ie/C74 A1254
Lil l ie75 A1242
Lil l ie75 A1242
Lil l ie75 A1242
Lil l ie75 A1248
Lill ie75 A1248
Lil l ie75 A1248
Scott77 A1248
Scott77 A1248
Scott77 A1248
Scott77 A1248
Summer96 PCB
Summer96 PCB
Summer96 PCB
Gould97 A1242
Gould97 A1242
Gould97 A1242
Gould97 A1254
Gould97 A1254
Gould97 A1254

product
product
product
product
product
product
product
product
product
product
product
product
product
product
product
product
product
product
product
product
product
product
product
product
product
field
field
field
product
product
product
product
product
product

chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken

PCBDOSE DURATION EGGCONC PRODUCTI FERTILITY HATCHABILCHICKBW SURVIVAL
1 .34 6 0.1
3.35 6 0 .01
1.34 6 0.09
3.35 6 0.07
0.34
0.67
1 .34
2.68
5.36
0.34
0.34
3.35

5.5
0 . 1 2
1 . 2 1
0 . 1 2
1 .2 1
0 . 13
1 .22
0.34
0.67
1 .34
0.34
0.67
1 .34
0.03
0.07
0.67
1.34

0 .0 16
0.04
0.36

6
6
6
6
6

14
39
14

6
9
9
9
9
9
9
8
8
8
8
8
8
8
8
8
8
8
8
8

0.62
1 .35
2.26

2.8
10 .0 1

5.5
7.5
50

36.4
14
10
12

0.22
0.41

3
7
1
4

26
0.024

0.24
2.44

0.024
0.24
2.44

0.92
0.36
0.41
0.77

0.9
0.87 0.98

0.8 0.74
0.75 1 .05
1.02 1 .05
0.95
0.85
0.97
0.85
0.97

0.9

0.99
1 .03
0.92
0.87

1 1
1 .37 0.99
1.63 1 .28

1.03
0.82
0.55
0 .0 1
0 .01

1
1

0.01
0 .01
0.98

0. 1
0.99
0.09
0.96
0.74
0.84
0.51
0.06
0.96
0.42
0.06
1 .01
1 .04
0.55
0.03

1
1 .05
0.82

0.98
0.71
0.94
0.67
0.93
0.87

1
1

1 . 1
1 .08
1 .07
0.93
1 .03
1.02
0.92

0.99
0.93
0.99
0.44

1
0.95

NORMALITY

0.94
0.93

0.9
1

0.97
0.89

1
0.93
0.72
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1. Introduction
This memo presents the results of an internal USEPA peer review of the development of PCB
toxicity reference values (TRVs) for wildlife. The TRVs are interpolated from dose-response
plots of combined studies in which a sensitive species (mink or chicken) was exposed to
commercial PCB products in captivity. TRVs are developed separately for selected Aroclors.
This memo includes the peer review charge, panel members, consolidated comments, and
responses.

2. Peer Review Charge for Mink and Chicken PCB Toxicity Reference Values
Derived Through an EDx (Effective Dose) Procedure
Background
Continuing Need for Aroclor-based TRVs
Although congener-specific analyses are recommended for assessing risks to PCBs, Aroclor-
based toxicity reference values (TRVs) are still needed for several reasons. 1) The PCB database
at many sites is predominantly or solely Aroclor data. This is especially true of historic data. 2)
At contentious sites, the lengthy process for resolving disagreements has resulted in a need to
finalize Aroclor-based risk assessments initiated prior to the current emphasis on congener-based
approaches. In these situations, abandonment of the an Aroclor approach will entail substantial
delay and cost for resampling media and biota to provide synoptic congener data. 3) There is a
larger database available on the ecotoxicological effects of PCBs on an Aroclor basis as
compared to a dioxin toxic equivalent (TEQ) basis. 4) The utility of the TEQ-based
ecotoxicological studies is also compromised by the use of inconsistent toxic equivalency factors
(TEF). Conversion to a common TEQ basis is feasible only if the original congener data is
reported so that the TEF scheme of choice can be applied, but the underlying congener data are
rarely reported in journal articles-further reducing the pool of useable TEQ studies. Studies
based on bioassay TEQs, such as the HII4E rat hepatoma cell line, cannot be directly compared
to calculated TEQs, and the bioassay results vary with the choice of solvent for dosing the cells.
5) The key premise of the TEQ approach is that the effects of PCBs are primarily due to aryl
hydrocarbon receptor (AhR)-mediated processes (dioxin-like effects). Although AhR-mediated
effects are frequently reported to be more sensitive endpoints compared to non-AhR effects, it is
not clear how generally this relationship applies across taxa and endpoints. In the absence of a
non-AhR TEF scheme, an Aroclor-based assessment can provide an indication whether
significant non-AhR effects may have been missed in a TEQ-based assessment.
One of the criticisms of Aroclor-based assessments is that the results are more variable compared
to TEQ-based assessments. However, in one such comparison by Leonards, et al. ( 1995), no
distinction was made between different Aroclors or Clophens (total PCB vs. reproductive effects
in mink was unfavorably compared to TEQ vs. reproductive effects). This comparison was
biased since different Aroclors or Clophens differ in their toxicity.



NOAEL/LOAEL Approach
A widely used approach for determining TRVs depends on two statistically-based thresholds: the
no observed adverse effect level (NOAEL), which is the highest dose tested that did not result in
a statistically discernible effect compared to the control, and the lowest observed adverse effect
level (LOAEL), which is the lowest dose that resulted in a statistically discernible adverse effect.
Shortcomings in this approach have been long recognized-the main one is that the NOAEL and
LOAEL are affected by factors unrelated to toxicity. An obvious factor is that the TRVs can only
be selected from the particular doses used in an experiment (commonly the tested doses are an
order of magnitude apart so there are large gaps in the data). Second, statistical significance is
not solely determined by toxicity, but also by the statistical power of the study. This has two
implications: 1) studies performed with low statistical power will result in higher TRVs
compared with studies with high statistical power for the same chemical and receptor, and 2)
since the TRVs are statistically defined, the level of adverse effects associated with the NOAEL
or LOAEL varies greatly between studies (for example, statistically-derived NOAELs may be
associated with adverse effects in as much as 50 % of the test organisms). A related
consideration is that this approach acts as a disincentive for improving the quality and statistical
power of industry-funded toxicological testing since less rigorous studies are less expensive and
have low statistical power that results in higher and less protective TRVs.
EDx or ECx Approach
An alternative is to use the data from toxicological studies to develop dose- or exposure-response
relationships, and to use the relationships to determine the no-effect and low-effect doses or
exposures that correspond to selected effect levels. This frees the analysis from the specific
doses used in a study (a TRV can now be interpolated between the tested doses), and from the
non-conservative bias of tests with inadequate statistical power. This approach is referred to as
EDx or ECx (effective dose or concentration; x represents the selected effect level of concern).

An example of the ECx approach is in the recommended procedure for analyzing the results of
effluent toxicity testing in the USEPA water program (the low effect concentration is defined as
the EC25, that is, the concentration that corresponds to a 25 % decrement in response compared to
controls).

Work Product

The TRVs for Aroclors have been revisited in Region 5 for application in Superfund sites in
which congener data is not available, and for supplemental use to accompany TEQ-based
assessments in sites with congener data. Recently, derivation of Aroclor-based TRVs by taking
the geometric means of no or lowest observed adverse effect levels (NOAEL or LOAEL),
respectively, from selected studies was challenged for including studies with field-contaminated
prey that may be confounded by the effects of co-contaminants. The work products under review
are the result of combined analysis of studies that reported the reproductive effects of feeding



commercial PCB products to mink and chicken.
The effluent toxicity testing guidance in the water program (e.g., Klemm, et al. 1994; Chapman,
et al. 1995) was modified for deriving PCB TRVs from multiple chicken and mink studies. 1)
The results of the various studies were normalized so they could be compared on a common basis
(the guidance is written for interpreting the results of a single experiment in contrast to the
multiple mink or chicken studies performed by different researchers that are analyzed for the
PCB TRVs). The normalization was accomplished by dividing each mean treatment response by
the respective mean control response. The resulting relative responses are plotted on semi-log
graphs (log dose or concentration vs. relative response). The plots showing interpretable dose-
response relationships are used to derive the no- and low-effect TRVs by a linear interpolation
between the treatments that bracket the effect level of concern. 2) Interpolation is only
performed when the effect level of concern falls within the linear portion of the dose-response
plot (to avoid uncertain interpolations). 3) A log-linear interpolation is used since it gives a
better fit within the linear portion of the data plots compared to the linear interpolation in the
guidance. 4) Data are not adjusted when treatment responses exceed control responses (relative
responses > 1), since the recommended procedure applies to the results of single, not multiple
studies. 5) The procedure for deriving confidence intervals is not implemented since the only
available data from the published mink and chicken studies are the treatment means (the
underlying data for the individual replicates were not presented for any of the studies).
An alternate approach would be to fit curves to the data, and use the non-linear regressions to
calculate the low-effect levels. This approach was not used because only the treatment and
control mean responses are reported in the published literature. The underlying replicate data,
which would provide the best basis for curve-fitting and are necessary for calculating confidence
intervals, are not available.

An additional modification was made for the mink TRVs only. Three studies have shown
dramatic increases in adverse effects following continuous exposure to PCBs over 2 breeding
seasons or 2 generations of females compared with exposure in 1 breeding season. These studies
used field-contaminated prey, or Clophen-supplemented feed, so the 2-season or 2-generation
results cannot directly be used to interpolate 2-season or generation Aroclor TRVs. Instead, the
1-season Aroclor TRVs are multiplied by the mean ratio of the available 2-season or generation
TRVs divided by the corresponding 1-season TRVs to derive Aroclor TRVs protective for
sustained occupancy of a site by female mink.
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Peer Review Charge
The peer review charge is to evaluate the methodology for deriving Aroclor TRVs. The charge
does not include review of the input data (although documentation of the data and the specific
sources is included in the materials provided to reviewers), but the methodology for
normalization of the data is part of the charge.
Charge Questions
Peer Reviewers should comment on the following:
1) Is the data normalization method (relative response = treatment response / control response)
appropriate for combining the results of different toxicity studies into single dose- or exposure-
response plots? If not, what would be a more appropriate method? Explain.
2) Is the linear interpolation method appropriate for deriving the dose or dietary concentration
corresponding to selected effect levels? If not, what method would be more appropriate for use
with mean data (when the underlying replicate data are not available)? Explain.

3) Are the effect levels appropriate (75 % relative response for low effect, 100 % relative
response for no effect)? If not, what effect levels would be more appropriate. Explain.
4) Are the following modifications of the linear interpolation method recommended for effluent
toxicity testing in the Water Program appropriate? If not, how should the method be applied?
Explain.

a) Restricting interpolation to the linear portion of the data plots.

b) Use of log-linear interpolation in place of (arithmetic) linear interpolation.

c) No adjustment when treatment response exceed control responses (relative response
allowed to exceed a value of 1.0).



d) No confidence interval estimation.

5) Regarding the mink TRVs only, is the procedure for adjusting the TRY based on exposure
during a single breeding season to derive a TRY protective for continuous exposure through two
breeding seasons or two generations of females appropriate? (The single-season Aroclor TRVs
are adjusted by multiplying by the mean ratio of the 2-season or generation TRVs divided by 1-
season TRVs from feeding studies with field-contaminated prey or Clophen A50.) If the
procedure is not considered appropriate, are there any recommended alternative approaches?
Explain.

6) Any other comments on the methodology? [optional]

3. Peer Review Point of Contact
James Chapman, Ph.D.
Ecologist
USEPA Region 5 (SR-6J)
77 W. Jackson Blvd.
Chicago, IL 60604
3 128867 195
chapman.james@epa.gov

4. Peer Review Panel
Chris Cubbison, Ph.D.
Environmental Health Scientist
National Center for Environmental Assessment (NCEA)
U.S. Environmental Protection Agency
26 West Martin Luther King Drive (Mail Loc. 190)
Cincinnati, OH 45268
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Tala Henry, Ph.D.
Toxicologist
National Health & Environmental Effects Research Laboratory
Office of Research and Development
U.S. Environmental Protection Agency
6201 Congdon Boulevard
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Mark D. Sprenger, Ph.D.
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Glenn W. Suter II, Ph.D.
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U.S. Environmental Protection Agency
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Cincinnati, OH 45268
5 1 3 5 6 9 7 8 0 8
suter. glenn@.epa. gov

5. Consolidated Peer Review Comments and Responses
The peer review questions are shown in bold type. Reviewers are designated by their initials, and
the comments are given in alphabetical order of the reviewers' last names. The comments are
presented as received, except that internal references to another comment by the same reviewer
have been converted to a standard designation (question number and reviewer initials).
Responses to specific comments are indented under the particular comment. Individual
responses are not made to wholly favorable comments. A summary response for each question is
also provided that integrates the individual comments and responses for that question, with the
exception of question 6 because the comments do not address a common charge question. Only a
summary response is provided if the comments requiring responses can be addressed with a
general response.

1) Is the data normalization method (relative response = treatment response / control
response) appropriate for combining the results of different toxicity studies into single



dose- or exposure-response plots? If not, what would be a more appropriate method?
Explain.

CC: Comparison of similar studies via the data normalization procedure is one of several
approaches but yours is probably the best for very small data sets.
TH: The relative response normalization is appropriate so long as the treatment response and
control response are from the same study (i.e., same dosing regimen). As for combining results
of different studies, see comment 2 TH.

Accepted. Normalization is only performed when the treatment response and the control
response are from the same study.

DH: This is only appropriate if experimental design portions of the multiple studies are similar.
One would NOT want to normalize multiple data sets if one exposure route is of oral exposures
by gavage method vs. the other of a contaminated diet. Also, the duration of exposure needs to
be similar if not identical. Finally, different strains of organisms can vary in their response. In
the example used above with the AWQCs, the organisms used for testing are of known health.
This is established as positive control tests are run simultaneously with actual tests using
reference toxicants such as KCL. The reference toxicant result (e.g. LC50) must be within a
certain percentage of the species mean LC50 for the rest of the test to be valid. Aquatic
organisms have always been easier to combine data sets in the way these authors suggest just
from the standpoint of assumptions of consistent exposure and duration when an organism is
submersed in water are much more robust than when one makes the same assumptions for
terrestrial wildlife vertebrate toxicological studies. I believe a much more prudent approach
would be develop the dose-response curves (relative response = treatment response / control
response; absolutely the way to go) for each study and then use a statistical representation of all
the studies (ie, geomean of EC20s).

Accepted (relative response comment).
Not accepted (study design comments) because examination of the data shows no major
impact of these factors on the combined dose-response plots (with the exception of
number of breeding seasons or generations exposed for mink, and the effect of A1242 on
hatchability-both of which are disaggregated for analysis).
The exposure route for all of the mink studies was the same, that is, through contaminated
diet. For oral dose to chicken, the exposure route was contaminated diet with one
exception-contaminated water in the study by Tumasonis, et al. (1973). The data do not
show an effect related to this difference in exposure media. The relative effect due to
exposure to contaminated water is consistent with the effect trends of exposure to
contaminated diet (Figures 1 and 3). In any case, because of the high dose in the
Tumasonis, et al. study, the results did not directly affect any of the TRY interpolations.
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Figure 1. Hatchability vs. A1254 Dose to Hens
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For egg concentration, the exposure route was through maternal dietary exposure except
for Gould, et al. (1997) in which PCBs were injected into egg yolks. The Gould, et al.
study influenced one TRY (chick body weight vs. A1242 egg residue). Again, the
response trend is consistent between exposure routes (Figure 2).
It was not feasible to exactly match the exposure durations between studies. Exposure
duration ranged from 6 to 14 wk for chicken feeding studies (most between 6 and 9
weeks) (a 39-wk treatment by Platanow and Reinhart ( 1973) was not used for TRY
derivation), and from 3 to 10 months for mink studies performed over a single breeding
season (the results of the 2-month exposure duration by Jensen (1977) was not used for
TRY derivation because the type of PCB used in this study was not identified). For mink,
the studies were segregated by the number of breeding seasons exposure was maintained
(the results of 2-season or 2-generation exposures are analyzed separately from 1 -season
results). Again, the data are consistent within the range of exposure durations of the
combined studies. For example, the results of three studies were combined to evaluate
the effect of A1254 on hatchability. The exposure durations of these studies were 6 wk
(Tumasonis, et al. 1973), 9 wk (Lillie, et al. 1974 and Cecil, et al. 1974), and 14 wk
(Platanow and Reinhart 1973); however, the relative response plots show internally
consistent responses (no obvious duration effects) on the basis of either maternal dose
(Figure 1) or egg concentration (Figure 3).



Figure 2. Chick Bodyweight vs A1242 Egg Residue
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Figure 3. Hatchability vs A1254 Egg Residue
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Besides the pronounced difference in the responses of mink to exposures over 1 vs. 2
breeding seasons or generations, the only other endpoint for which exposure duration
might have had an influence is the effect of A1242 oral dose on hatchability. Two
response trends are evident, one largely driven by 8 to 9 wk exposures (Lillie, et al. 1974,
Cecil, et al. 1974, Lillie, et al. 1975), the other by 6 wk exposure (Britton and Huston
1973) (Figure 4). However, the results of the 6-wk exposure study by Briggs and Harris
(1972) are consistent with the former trend (8-9 wk exposures), which indicates that the
cause of the two response trends for A1242 and hatchability is not related to differences
in exposure duration among the combined studies (the doubled data points for Briggs and
Harris are because they tested two different chicken breeds). In any case, the divergent
results are obvious from the data plot, and are therefore considered separately. There was
no obvious exposure duration effect in the other plots.
Figure 4. Hatchability vs. A1242 Dose to Hens
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There is no method for retrospectively comparing the possible differences in sensitivity
between the strains used in the various studies. However, by restricting TRY derivation
to only those endpoints exhibiting reasonably consistent dose-response plots for
combined studies, any large effects due to differences in strain sensitivity or health
between studies would have disqualified that endpoint for TRY consideration.

Not accepted (geomean comment). The suggestion to derive effect levels individually
from separate dose-response curves developed for each study, and then take a geometric
mean of the study-specific results, would be appropriate if most of the studies reported
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results for a sufficient number and range of concentrations to generate comparable curves.
However, the database is too sparse for the suggested approach. For example, there is an
internally consistent dose-response plot for the effect of A1248 on hatchability (Figure 5).
The 9 mean data points in this plot come from 3 studies-one contributing 4 means, one 3
means, and another 2 means. The ED25 for the separate studies are approximately 0.45,
0.25, and 0.2 mg/kg-d, for a geometric mean of 0.3 mg/kg-d (the linear interpolation lines
are individually shown for each study in Figure 5). This is more conservative than the
ED25 of 0.48 mg/kg-d based on the combined data plot, but is less reliable because the
shape of the dose-response curve is poorly revealed by 2 of the studies taken individually.
In other words, there is greater uncertainty in interpolating TRVs from the dose-response
plots of individual studies with low numbers of treatment doses than there is for
combined plots. Uncertainty is reduced in the combined plots because the increased
number of treatment dose levels better defines the shape of the dose-response
relationship.
Figure 5. Hatchability vs. A1248 Dose to Hens
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MS: I do not believe that there is any reason for concluding that the normalization approach used
is invalid. The only criticism which may be valid is that with limited data sets the normalization
may skew the results, however, that interpretation is relative to alternate data evaluations and
does not inherently mean it is incorrect.

GS: Yes, the normalization to controls is appropriate.
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1) Summary Response

The normalization procedure is acceptable to all the reviewers. While two reviewer
raised several questions on combining studies together in dose-response plots, the
consistency of the combined data plots indicate that these issues do not have significant
effects on the outcomes for the endpoints used for TRY derivation. The sole possible
exceptions are the effect of A1242 on hatchability (although other explanations, such as
differences in Aroclor batches or experimental conditions, are more likely than
differences in exposure duration), and the effect on mink of exposure over 1 breeding
season versus 2 breeding seasons or generations. The data are analyzed separately for
both of these situations.

2) Is the linear interpolation method appropriate for deriving the dose or dietary
concentration corresponding to selected effect levels? If not, what method would be more
appropriate for use with mean data (when the underlying replicate data are not available)?
Explain.
CC: No relevant comments.

TH: The combining of data from different studies is only appropriate if the data are "the same"
with regard to exposure dose metrics (i.e., for this method to be valid apples can only be
combined with apples, not with oranges). For example, dosing or exposure regimens (i.e., route
and time) must be similar or identical among all studies to be included (only way to exclude
response differences that are due to pharmacokinetic factors). This need for consistency in dose
metrics is why the reason behind development of standard toxicity testing protocols used in
conjunction with the WET methodology.

This lack of consistency in dosing regimens is why this type of approach is typically not applied
to mammalian/bird wildlife toxicity data or laboratory rodent toxicity data. For example, IRIS
toxicity values are generally based on a selected "best" study and adjusted using weight of
evidence from other studies because, at least in part, it is inappropriate to combine data due to
inconsistencies in dosing regimens. It is worth noting here that during development of the
GLWQI wildlife criteria, U.S. EPA (via contractor) explored the possibility of constructing dose-
response curves and interpolate EDx values to derive benchmark doses from existing mammalian
and bird wildlife Hg and PCB toxicity data. PCB toxicity studies were assembled and reviewed.
The pilot PCB analysis used individual dose-response studies (Platonow & Reinhard 1973 data
for bird and Bleavins, Aulerich & Ringer, 1980 for mink) presumably for reasons discussed
above regarding combining data and included confidence intervals. This cursory analysis did not
result in a better estimate of a concern level than the use of the LOAEL determined in the studies.
The large confidence interval at the lower doses resulted in interpolated BMD values that were
similar to the LOAELs, but with greater uncertainty. It was concluded that to effectively utilize
dose-response data and interpolation approaches, it would be necessary to produce appropriate
dose-response data for the endpoint(s) of concern. From a quick look at the studies examined for



13
your effort, there have not been new studies suitable for this analysis (most of the same studies
were examined in both efforts.)

Not accepted for the reasons discussed in the response to 1 DH, and because the example
given of the GLI pilot analysis does not include combining data sets from multiple studies
to better reveal the shape of the dose-response relationship.
The precision of exposure-response plots is generally improved more by increasing the
number of dose levels tested as compared to increasing the number of replicates for the
same doses (Crump, et al. 1995). The appropriate comparison would be to contrast the
conventional LOAELs from individual studies with the EDx derived from the exposure-
response curve based on the combined data of all the relevant studies. Based on the
comment, this was not done as part of the GLI pilot analysis. The pilot analysis appears
to indicate that TRV derivation may be problematic for single studies with low numbers
of dose levels regardless of the particular approach. However, that comparison is not
relevant for the approach taken here of combining study results into aggregated dose-
response plots.

DH: I would generally support the authors proposed use of the interpolation method. However, I
have significant misgivings about NOT being able to include confidence bounds. Have the
authors of this document attempted to reach the primary authors of the literature. Many times the
raw data can be obtained from the original authors to help finish the analysis. Without including
the confidence bounds on the dose-response curves, many of the same appropriate arguments
presented in this paper which object to the use of NOAELS and LOAELS will apply in the
interpolation method as well. For example, if the confidence limits are large, a NOAEL could be
more useful than an EC20 that ranges across multiple doses in the experimental design.

Accepted (interpolation comment).
Not accepted (raw data comment). This work could be refined by accessing the original
replicate data for the studies, which would provide the best basis for curve-fitting and
confidence interval estimation, but the effort (for more than 20 studies published over a
30-year period) is not expected to substantially alter the final results. The main reason is
because most of the endpoints exhibit very steep dose-response relationships. The
relatively small gradient between mean no-effect levels and mean total-effect levels (see 3
Summary Response) constrains the possible values for the TRVs to a narrow range.

MS: I do not see any technically valid reasons for discounting the approach used.
GS: Linear interpolation is an acceptable method. However, I would not rule out the fitting of a
function just because the data for replicates are not available. They are not available for
calculating the variance on the interpolated estimates either. While you can not estimate the
inter-replicate variance, that may not be the most important concern. I would say that in this
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analysis you are more concerned about the inter-study variance, which you could capture in the
confidence intervals on fitted functions.

Not accepted (interstudy variance comment). While the inter-study variance might
exceed the inter-replicate variance, there does not seem to be firm grounds for assuming
this a priori. It is not clear how a partial estimate of variance would inform decision-
making.

2) Summary Response
The majority of reviewers supported the use of the linear interpolation method for
interpolating TRVs. One reviewer questioned whether the treatment protocols of the
different studies are sufficiently consistent to allow meaningful aggregation of study
results into combined plots (a concern shared by another reviewer for Question 1). As
discussed in the response to Question 1, the dose-response plots for the endpoints relied
on for TRY derivation are internally consistent and do not exhibit significant
discrepancies related to differences in exposure metrics (other than exposure to mink over
1 season vs. 2 seasons or 2 generations, which are separately analyzed). Two reviewers
questioned the utility of the approach if the raw data were obtained for confidence
interval estimation under an expectation that the confidence intervals would be
excessively large. The one example given of a pilot effort for the GLI does not directly
bear on this question since it apparently did not involve combining data from different
studies, and therefore did not assess the potential for better defining the shape of the dose-
response relationship that is the main benefit of combining studies. One reviewer
recommended estimating inter-study variance even though it would provide a partial
estimate of variance.

3) Are the effect levels appropriate (75 % relative response for low effect, 100 % relative
response for no effect)? If not, what effect levels would be more appropriate. Explain.

CC: I have seen those effect levels used in other ecological risk assessment without causing a
firestorm of protest. Relatively gross effects are often required to cause an observable effect in
field populations. A 75 % effect level seems reasonable.
TH: This cannot be judged with the information provided. The value chosen appears to be
arbitrary. No scientific rationale or justification is given for selecting the 25 % effect level.
Selection of the 25 % adverse effect level based on the WET program guidance is clearly not
applicable here because the WET guidance is designed to support compliance with AWQCs.
which are derived to protect aquatic COMMUNITIES. Information should be provided that
indicates whether 25 % pup or embryo mortality would be expected to adversely affect the
populations of mink or bird(s) associated with the site.

Accepted (rationale/justification comment).
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Not accepted (pup/embryo mortality comment) (see 3 Summary Response).

DH: How was the 25 % relative response determined to be the critical threshold for the WET
program? Was this a science-based or risk-based decision, or one of a question of statistical
rigor? The WET program tests principally fat head minnows and ceriodaphnia dubia.
Essentially, 3 of 10 individuals from several replicates have to die before a violation under a
permit would be issued to the waste treatment operator. I see absolutely no direct correlation
with between the testing procedures in the WET protocols and what the authors propose here.
The ecologically relevent percent response would be specific to the organism and the endpoint
being tested. In other words, I would view 25 % pup mortality in mink much more influential on
sustaining a population of mink, compared to the influence on an entire aquatic community
existing in waters that presented a 25 % in vitro ceriodaphnia mortality (ceriodaphnia always
being one of the more sensitive species in the community).

Accepted (see 3 Summary Response)
MS: I defer to others on this issue. I see nothing technically incorrect and personally believe that
the approach used has benefits, as being statistically significant does not inherently mean it is
important. I can see this approach being criticized as being a means to increase a TRY (or be less
protective), however I do not see this as being inherently true.
GS: Acceptability of a level of effect is a policy judgement, but the basis for the choice of 75 %
is not stated. If the basis is consistency with past Agency practices, then the level chosen for the
low effect level is reasonable. That is, LOAELs established by hypothesis testing are often
equivalent to approximately a 25 % decrement in performance. At the other end, no decrement
in response is certainly equivalent to no effect.

Accepted (see 3 Summary Response).
3) Summary Response

The majority of reviewers felt that 75 % relative response is an acceptable estimate for
the low effect level. One reviewer speculated that it might be insufficiently protective for
mink.
The majority of reviewers requested that further explanation be provided for the low
effect level choice. The effect levels are not based on receptor-specific life
history/population models. The avian TRVs, derived from chicken data, are intended to
provide conservative TRYs for application to species of unknown sensitivity to PCBs, for
which no single population model would be applicable. The mink TRYs are similarly
intended for mammalian receptors of unknown sensitivity to PCBs (this requires
body weight normalization of the TRVs), in addition to mink for which it is derived. The
effect levels used in this effort are chosen for pragmatic reasons-to minimize model
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dependence, approximate the power of well-designed toxicity studies, and maintain
general consistency in approach with other regulatory uses of toxicity test data. In short,
to select a low effect level that is expected to be detectable in a well-designed study, and
is reasonably consistent with prior Agency practice. The very steep PCB dose-response
plots make the question of the appropriate low effect level somewhat moot, since there is
a small range of concentrations between no-effect and total-effects levels. These issues
are discussed in more detail below.
A pragmatic consideration is to avoid choosing an effect level for which interpolation
may be strongly model dependent. In an examination of aquatic toxicity data sets, Moore
and Caux (1997) concluded that interpolation of effect levels becomes strongly model-
dependent for less than 10 % decreases in response compared to that of controls
(equivalent to >90 % relative response) (see also Scholze, et al. 2001). The various
models gave similar results for effect levels based on response differences of more than
10 % compared to controls. A related consideration is the effect level commonly
associated with statistically-determined lowest observed effect concentrations (LOECs) in
well-designed toxicity studies. The LOECs of the toxicity studies for the AWQC and
pesticide programs generally correspond to 20 to 25 % effect levels (75 to 80 % relative
response) (Suter, et al. 2000), and interpolation of the 25 % effect level is recommended
for effluent toxicity testing (75 % relative response) (e.g., Klemm, et al. 1994; Chapman,
et al. 1995). Another pragmatic consideration is consistency with the basis for regulatory
decision-making in other programs that utilize toxicity testing results. A de minimis
effect-level of 20 % (80 % relative response) was identified in one such review
(summarized in Suter, et al. 2000) [note: this is not a standard written in the regulations,
but the minimum effect level associated with regulatory actions in practice].

This indicates that a reasonably detectable effect consistent with Agency practices in
other programs would fall between 75 and 80 % relative response. The lower end of this
range is chosen for this effort to ensure that the low effect level represents a non-trivial
departure from the control response. The low effect level could be further refined by
linking it to receptor-specific population models to derive effects levels from projected
population dynamics (the models probably need to be both region- and habitat-specific).
However, because of the nature of the dose-response relationships for PCBs and
reproductive endpoints in mammals and birds, such refinement would have relatively
minor impact on the final TRY values.
The question of the appropriate value for the low effect level is made somewhat moot by
the very steep dose-response plots for PCBs. For example, the A1248 oral dose to hens
associated with complete hatch failure (~ 1 mg/kg-d) is less than 3 times greater than the
dose showing no effect (~0.4 mg/kg-d) (Figure 5). The same is true for mink endpoints.
Live kit production is completely suppressed at a dietary concentration of 5 mg/kg
A1242, but no effect is reported at 2 mg/kg (exposure over a single breeding season)
(Figure 6). The range in A1254 dietary concentrations for the same endpoints are 2 and
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approximately 1 mg/kg, respectively (Figure 8). Refinements of the effect level will
therefore produce only relatively small changes in the derived TRVs.
Although not criticized by the reviewers, the effect size for the no effect TRY will be
changed to 10 % (90 % relative response) so that both TRVs will be derived through the
same procedure at effect sizes that are not strongly model dependent.
Figure 6. Live Kits per Mated Female Mink vs. Dietary A1242 Concentration, Exposed
One Breeding Season
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4) Are the following modifications of the linear interpolation method recommended for
effluent toxiciry testing in the Water Program appropriate? If not, how should the method
be applied? Explain.

4a) Restricting interpolation to the linear portion of the data plots.
CC: Given the limitations of using a single study to derive a TRY, it would seem to be sound
policy to interpret the data conservatively. Limiting the interpolation to the linear portion is a
reasonable approach.

Clarification: the majority of the TRVs are not interpolated from single studies.

TH: OK. This is a statistical approach issue, not specific to WET methods.
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DH: No response.
MS: I believe the answer to these questions is simply that I do not see anything which is incorrect
or violates some assumption; however I would defer to others on this issue.

GS: It is not clear how this restriction was applied. Looking at the plots, the transition from
nonlinear to linear segments is unclear. This is a matter of judgement, but I would be inclined to
drop this restriction. I do not believe that nonlinearity between dose levels is a significant source
of error relative to other assumptions involved in TRV derivation.

Accepted (clarification of restriction). The restriction is better described as restricting
TRV interpolation to the steep portion of the dose-response plots (visually determined).
There are two purposes: 1) the linear interpolation method is applicable to linear
responses, but will over- or underestimate for nonlinear portions of the dose-response
relationship; and 2) this avoids interpolation over excessively large exposure gradients for
which the shape of the dose-response relationship is poorly known. The practical result is
that most of the interpolations are performed between relatively small gradients in
exposure values. The majority of the TRV interpolations for mink occur between
treatments that differ in dietary concentrations by 3-fold or less, with the largest
difference (5-fold) for the interpolation for Clophen A50 and live kits. Interpolation is
not performed for the TRV for A1254 and kit survival, for example, because there is a
100-fold difference between the dietary concentrations of the treatments that bracket the
target low-effect response. Many of the chicken TRVs are interpolated between small
gradients in dose (2-fold or less for A1242 or A1248 and hatchability, and less than 4-
fold for A1254 and hatchability) or egg residues (2-fold or less for A1242 or A1254 and
hatchability, 6-fold for A1242 and chick body weight, and 7-fold for A1248 and
hatchability). Some of the chicken TRVs are interpolated within 10-fold differences in
treatment exposures (A 1242 or A1248 dose and chick body weight, A1248 dose and
survival, and A1242 egg residue and chick body weight). Confidence in the interpolations
made within 10-fold exposure gradients is less than for interpolations made within
smaller gradients. Discussion of this issue will be added to the report.

4a) Summary Response
The majority of reviewers felt that restricting interpolation to the linear portion of the
dose-response plots is acceptable. One reviewer suggested it might be overly cautious,
and commented that the basis for applying this criteria is not clear. The linear portion of
the dose-response plots is visually determined. Due to the shape of the PCB dose-
response relationship (steep slope between no effect and total effects), the restriction
resulted in not allowing interpolation when the exposure gradient for interpolation was
greater than 10-fold.

4b) Use of log-linear interpolation in place of (arithmetic) linear interpolation.
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CC: No relevant comments.
TH: OK. This is a statistical approach issue, not specific to WET methods.
DH: This is probably the best. See additional recent guidance RAGS 3 and chapter 4 of the
probalistic guidance to help choose best models. There is actually a mink example.

MS: I believe the answer to these questions is simply that I do not see anything which is incorrect
or violates some assumption; however I would defer to others on this issue.
GS: Distributions of toxic responses are typically more similar to log normal than normal
distributions. Therefore, the log-linear interpolation is appropriate.
4b) Summary Response

The majority of reviewer approved of log-linear interpolation, and no objections were
raised.

4c) No adjustment when treatment response exceed control responses (relative response
allowed to exceed a value of 1.0).
CC: When treatment response is greater than the control response, two things come to mind.
Either small doses of PCBs confer some survival advantage to the offspring or that the data are
so variable that you can't tell one point from another. I would attempt to determine possible
explanations for the effect before dismissing (not adjusting) the low dose effect. If highly
variable results can't otherwise be explained, I would hesitate to use them. (See further
comments below).

Accepted (see 4c Summary Response)
TH: In performing dose-response modeling, the shape/slope of the curve is obviously determined
by the data, both the associated concentration and response ranges. Care should be taken not to
"overweight" the dose-response curve with no effect data, i.e. too many zero responses (RR > 1)
can affect ECx values.

Accepted. However, the caution regarding the potential bias of oversampling within the
no-effect range applies to the influence of an unbalanced sample design on regression
performed over the full data range. The linear interpolation method implemented here is
not affected by the number of no-effect doses included in the combined data base (so long
as the overall dose-response plot show an interpretable relationship), since interpolation is
performed only between the treatments that bracket the target response.

DH: No response.
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MS: I believe the answer to these questions is simply that I do not see anything which is incorrect
or violates some assumption; however I would defer to others on this issue.
GS: This issue depends on whether it is believed that the greater-than-control responses are due
to random variance or due to a hermetic effect. The smoothing recommended by KJemm et al. is
consistent with the former. The interpolation is consistent with the latter. I recommend that the
author review the PCB literature for evidence of hormesis. That is, is improved performance
typical of low exposure levels in vertebrates? If so, the interpolation is correct. If not, smooth
the data.

Accepted (see 4c Summary Response)
4c) Summary Response

The majority of reviewers recommended further consideration of responses that exceed
the control response to determine whether the exceedance is potentially due to hermetic
effects (enhanced performance at low exposure levels) or random fluctuations around the
control mean. One of the response patterns used for avian TRY derivation, chick
bodyweight vs. A1242 egg residues (Figure 2), was attributed to hormesis by the
investigators (Gould, et al. 97). The same investigators also reported a hermetic effect of
A1254 on chick bodyweight (not used for TRV derivation because the relative response
of the highest dose treatment exceeded the low effect target of 75 %). Gould, et al.'s
conclusion is accepted because hormesis is evident at 2 dose levels and for 2 different
endpoints. There are indications of a possible hermetic effect on hatchability for both hen
dose and egg residues, but the effect is minor, at best, for this endpoint, is not readily
distinguishable from fluctuation around the control mean, and, in any case, has no
significant influence on the TRVs. In contrast, all three of the commercial PCB products
tested in mink feeding studies show possible hermetic effects on the number of live kits
per mated female (Aroclors 1242 and 1254, and Clophen A50) (Figures 6-8). Hormesis
is evident in the Clophen A50 experiment for exposure durations of both 1 and 2 breeding
seasons (Figure 7). This effect is also shown by some of the feeding trials performed
with field-contaminated prey. In addition, some field-contaminated feeding studies and
the Clophen A50 study show possible hermetic effects for kit bodyweight not evident in
the Aroclor studies, but the dose levels for the latter may be spaced such that a hermetic
effect is not revealed.

In summary, acceptance of potentially hermetic responses is justified for the effects of
egg residues on chick bodyweight (as attributed by the researchers), and the effect of
dietary exposure on the number of live kits per mated female (exhibited in multiple
studies). This indicates that adjustment of deviations in monotonicity is unwarranted.
The same modification to the linear interpolation method to allow for potential hormesis
was made in a recent comparison of techniques for calculating effect levels (Isnard, et al.
2001).
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Figure 7. Live Kits per Mated Female vs. Dietary Clophen A50 Concentration, Exposed
One or Two Breeding Seasons
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Figure 8. Live Kits per Mated Female vs. Dietary A1254 Concentration, Exposed One
Breeding Season
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4d) No confidence interval estimation.
CC: Lack of CIs is one consequence of using a single study and no access to original data.

Clarification: the majority of the TRVs are not interpolated from single studies.

TH: NO. This is a major shortcoming of this approach. Not having any sort of confidence
interval prevents any sort of assessment as to whether this approach is any better than the
NOAEL/LOAEL approach and/or best professional judgement. If no "benefit" (i.e. less
variability; less uncertainty, etc.) of this approach can be demonstrated why go through all these
mathematical gyrations?
Original data are often available from study authors. Where study authors contacted for data? If
not, acquiring the data would go far in improving this effort (i.e., confidence intervals may be
calculated, see part d below).

Not accepted. Confidence intervals are not the only procedure for comparing alternative
approaches, and, in any case, confidence intervals can not be calculated for either the
NOAEL/LOAEL approach or professional judgement (although confidence intervals
could be estimated for the latter, it would be an informed guess, not a calculable
quantity). Since neither uncertainty or variability can be quantified for NOAEL/LOAEL
or professional judgement, it is unclear how the uncertainty or variability of the EDx
approach can be compared to the other approaches mentioned in the comment.
An alternate procedure for comparing the results of different TRY approaches is to
examine where the TRVs fall on the dose-response plots. For example, consider the
exposure-response plot for Clophen A50 and the number of live kits per mated female
mink (Figure 7). The data come from two studies (Brunstrom, et al. 2001; Kihlstrom, et
al. 1992). The LOAEC for this endpoint for exposure over a single breeding season is 12
mg/kg for Kihlstrom, et al. ( 1992) and none of the treatments in Brunstrom, et al. (2001) .
The Kihlstrom, et al. LOAEC resulted in 100 % kit mortality-an excessively large effect
to be validly considered the lowest dietary concentration associated with adverse effects,
however, Kihlstrom, et al. did not have a treatment with a lower concentration (besides
the control). The Brunstrom, et al. single-season exposure NOAEC is 2 mg/kg. The
interpolated low-effect TRY is 3 mg/kg. Similarly, the 2-season exposure LOAEC for
Brunstrom, et al. is 2 mg/kg, but it resulted in an 80 % decrease in live kits per mated
female-again, an excessively large effect. The 2-season exposure NOAEC is 0.08 mg/kg
(Brunstrom, et al. 2001). The interpolated low-effect TRY is 1.3 mg/kg. In both of these
examples, the statistically derived LOAECs are too high (result in excessively large
adverse effects) because of the limitations of the study designs.

DH: No, see comment above (2 DH).
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Not accepted (see response to 2 DH).

MS: Relative to confidence intervals, I am not sure that there is even an option, given the limited
data sets available.
GS: The bootstrap method to calculate confidence intervals on interpolations presented by
Klemm et al. is not applicable to this data set, since the data for responses of replicates are not
available. I do not know of any other method that would be applicable.
4d) Summary Response

The majority of reviewers agreed that confidence interval estimation is not feasible when
the replicate data are unavailable. Two reviewers considered this a major shortcoming of
the approach, and recommended obtaining the original data (see 2 DH and response).

5) Regarding the mink TRVs only, is the procedure for adjusting the TRY based on
exposure during a single breeding season to derive a TRY protective for continuous
exposure through two breeding seasons or two generations of females appropriate? (The
single-season Aroclor TRYs are adjusted by multiplying by the mean ratio of the 2-season
or generation TRYs divided by 1-season TRYs from feeding studies with field-
contaminated prey or Clophen A50.) If the procedure is not considered appropriate, are
there any recommended alternative approaches? Explain.
CC: Given your limited data set, I really like how you dealt with the issue of the greater toxicity
following longer exposure. I haven't seen it done before but is seems reasonable and does fit the
observed data.

TH: I do not think this approach, as presented, is appropriate. Scientifically defensible rationale
for making this adjustment are not provided. What are the reasons (i.e. toxicological
mechanisms) that the 2-season/field-contaminated studies yielded more toxicity? The approach
used implies it is simply time (i.e., cumulative dose is greater in the two season study, hence the
adjustment is essentially a sub-chronic to chronic adjustment), but it is not clear that this is the
primary reason for the difference. A plausible reason for the increased adverse effects in the
second year studies is the presence of other contaminants in the field-contaminated prey. At least
two of the two season studies are confounded by the presence of contaminants other than PCBs,
which is the same reason used elsewhere to exclude data for derivation of the TRY. Hence there
appears to be arbitrary application of the "co-contaminant" criteria.

Not accepted. One of the studies that continued exposure through more than one
breeding season was performed with a commercial PCB (Clophen A50) added to the
mink diet by the investigators (Brunstrom, et al. 2001) . This study showed a dramatic
decrease in the whelping frequency from 90 % of mated females for the first breeding
season to 39 % for the second season in the "A50 high" treatment (2.3 mg/kg diet). The
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control whelping frequency was 93 % in both years. Live litter size per whelping female
decreased nearly by half between the two exposure periods for the same treatment (from
3.8 live kits/whelped female the first year to 2.0 the second year) (control values 4.0 and
4.4, respectively). Mean kit body weight also decreased for this treatment (from 7.9 g to
6.7 g) (control values 9.6 and 8.9, respectively). Only kit bodyweight was statistically
discernible from control in the first breeding season, but, in addition to kit bodyweight,
both whelping frequency and live litter size per whelped female were also statistically
discernible from control values in the second breeding season. In contrast, none of these
responses were discernible from the control in the "A50 low" treatment (0.8 mg/kg
dietary concentration) in either exposure period (maximum control dietary concentration
was 0.01 mg/kg total PCB). The increased severity of 2-season exposure in this study
cannot plausibly be attributed to non-PCB contaminants (with the possible exception of
co-contaminants formed during the production of commercial PCBs, to which receptors
are necessarily exposed as part of their exposure to PCB waste material, and therefore
form an integral component of the toxicology of PCB wastes). The investigators
speculated that the increased toxicity in the second breeding season may be related to
increases in mink PCB body burdens, and emphasized the importance of long-term
exposure periods for determining the toxicity of PCBs to mink:

"In the second season, the effects on reproduction were more pronounced and
clearly dose dependent... In our study, the concentration in the feed was the same
during the two reproduction seasons, resulting in a reduced frequency of
whelping females in the second season only. This finding suggests that the PCB
concentration in the animals increased from the first to the second reproduction
season, showing the relevance of long-term exposure for estimation of a
LOAEL." (Brunstrom, et al. 2001) .

In terms of the endpoint assessed in this effort, the mean number of live kits per mated
female decreased from 92 % of the control value at 2.3 ppm PCB dietary concentration
for exposure over 1 breeding season, to only 20 % of the control value at the same dietary
concentration for exposure over 2 breeding seasons (Figure 7). Accordingly, the
interpolated low-effect level for 2-season exposure is less than one-half of the 1-season
low-effect level.

The difference in severity between 1-season exposure versus 2-season or 2-generation
exposure in the study using field-contaminated prey by Restum, et al. (1998) for number
of live kits per mated female (2-season is less than 40 % and 2-generation is less than
30 % of the 1-season low-effect level) are close to the difference in the same endpoint for
the Brunstrom, et al. (2001) study using a commercial PCB product (2-season is 40 % of
the 1-season low-effect level). This indicates that the effect is likely attributable to PCB
exposure and is not an artifact of some non-PCB co-contaminant unique to the study
using field-contaminated prey. In addition, the field-contaminated prey used in the
Restum, et al. ( 1998) feeding study were collected at one time, homogenized, and stored
for use throughout the study, so the increased severity of the effects for 2-season or 2-
generation exposure cannot be attributed to changes in co-contaminant levels between the
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first and second exposure periods.
The duration effect is observed for multiple endpoints-in addition to number of live kits,
two other endpoints (kit bodyweight and survival) reported by Restum, et al. (1998) also
show increased severity with exposure over 2 breeding seasons (70-90 % of 1 -season
low-effect level) or 2 generations (40-60 % of 1-season low-effect level). Kit bodyweight
also was more affected by 2-season exposure compared to 1 -season exposure in the
Clophen A50 study (unfortunately, kit survival was reported for 2-season exposure, but
not for 1-season) (Brunstrom, et al. 2001). The Restum, et al. (1998) study also shows
that the exposure duration effect can occur through two different exposure
scenarios-cither breeding females continuously exposed over 2 breeding seasons, or
females first exposed in utero with exposure continued through their first breeding season
(combined fetal and adult exposure over 2 years).

To summarize, there are multiple lines of evidence that continued exposure to PCBs
through more than one breeding season increases the severity of the adverse effects in
mink compared to single-season exposures. The exposure duration effect has been
observed by different research groups using different contaminant sources, and for
multiple endpoints through different exposure scenarios, so it is unlikely that the duration
effect is the result of chance fluctuations in the results of any particular experiment. In
order to be protective of sustained occupancy of contaminated areas by mink, the
increased severity of prolonged exposure should be taken into account.
While it would be useful to understand the biochemical and physiological processes
responsible for the observed exposure duration effect, this is not a prerequisite for
assessing risk or informing risk management decisions. For example, while the toxic
effects of dioxin-like chemicals are known to be mediated through the aryl hydrocarbon
receptor (AhR) which results in activation of certain genes, there are significant gaps in
our understanding of the underlying processes. For example, the physiological role of
AhR is only partly known (Puga, et al. 2002; Hahn 2002), the array of genes modulated
by AhR has not been fully identified (Lai, et al. 1996), and there is a "true lack of
knowledge of the exact biochemical pathways which are altered by PHHs [planar
halogenated hydrocarbons] and subsequently lead to the adverse effects on whole
organisms" (Tillitt 1999). However, the lack of a complete physiological explanation for
AhR-mediated effects does not prevent assessment or regulation of risks to dioxin-like
compounds because AhR induction has been empirically correlated with toxic responses
to dioxin-like chemicals.
To address another issue raised in the comment, there is no arbitrary application of the
"co-contaminant criteria". Studies using field-contaminated prey are not directly used for
deriving effect levels since the particular effect levels may be influenced by contaminants
other than PCBs. One study using field-contaminated prey was used, along with a
commercial PCB feeding study, to estimate the ratio of the 1-season versus 2-season or
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generation effects. As discussed above, the exposure duration effect observed in the
Restum, et al. (1998) study cannot be attributed solely to co-contaminants since the same
effect occurred in a commercial PCB feeding study, and cannot be attributed to changes
in co-contaminant concentrations between the years the study was run because all of the
field-contaminated prey were collected at one time, homogenized, and stored for use
throughout the experiment. The sole use of the Restum, et al. (1998) study in the present
effort is to help estimate the proportional change in mink endpoints when the exposure
duration is increased from 1 breeding season to 2 breeding seasons or generations, so that
the 1-season Aroclor TRVs could be adjusted to account for the increased toxicity
observed in other studies for exposures of longer duration. As such, it lends support to
the exposure duration effect shown in the commercial Clophen A50 study, and provides
evidence that the effect is not unique to European commercial PCBs.

DH: I would say no. Again, the core of the problem would be the comparibility of the field-
contaminated prey vs. the laboratory mixture of Aroclors exposed in the 2 generation study. I
would generate an average ECx of the two studies after one year and compare that to the same
ECx after 2 years. If they are signifcantly different, reduce the corresponding dose of the average
ECx after one year to be equal to that of the corresponding dose at the appropriate ECx after 2
years.

Not accepted. See 5 TH for the comparability issue. It is not clear how averaging the
results of the study using field-contaminated prey with those of the study with Clophen
A50 added to the mink diet would improve (or even assist) analysis of the results, since
there is no necessary expectation that the particular dietary concentrations associated with
effects would be identical for a European commercial PCB product and the PCBs
accumulated by fish from a waterway contaminated by an American PCB product. One
of the underlying assumptions of the approach taken in this effort is that the different
PCB products do not necessarily exhibit the same degree of toxicity, and therefore require
separate analysis.

MS: I believe approach used is valid and a significant improvement in the formal evaluation of
the toxicity data. Certainly, time dependent exposure is an important factor in the response of
organisms, and long term accumulators, like PCBs, should be evaluated in this manner or a
similar one.

GS: Since there seems to be a consistent increase in effects over time, it is appropriate to adjust
for it. The simple method used here is reasonable, and I do not believe that the available
information could support a more sophisticated method.

5) Summary Response
The majority of reviewers approve of the method used to account for the observed
increased severity of the effects in mink for continuous exposure to PCBs over 2 breeding
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seasons or over 2 generations of females compared to the effects for exposure over a
single season to a single generation. One reviewer suggested that the duration effect may
be attributable to co-contaminants (other than PCBs), but the evidence does not support
this conjecture. An alternate approach suggested by one reviewer would not improve the
analysis.

6) Any other comments on the methodology? [optional]
CC: Being a pragmatist, I appreciate having to come up with solutions to thorny problems with
very limited data. Given the few comparable studies that you had to work with, your options are
limited. For years, we developed References Doses for human exposure based upon a single,
'best' study (with supporting studies). It worked pretty well but a consequence was the
requirement for high Uncertainty Factors and the potential for gross overprotection. Eventually,
we developed techniques such as the Benchmark Dose for using the information in multiple
studies and the methods to make the studies more comparable, i.e. The information in multiple,
somewhat comparable, studies results in less uncertainty and lower UFs. We need to work
toward developing methods for combining similar study results to make better use of limited
data.
TRVs were derived for specific Aroclors with consideration of preference for chronic exposure
studies and multi-generation and multi-year exposures. I have read the discussions on the
rationale for not requiring statistical significance as a selection criterion. I also understand some
of the limitations introduced by the effect of dose spacing and that the lack of statistical
significance does not negate the potential for significant toxicity. But if the variability between
treatments is so high that you can't distinguish between them statistically, they should at least
show a significant trend. I would be more sanguine if several studies could be combined in a
meta-analysis for trend and the significance of the slope.
You make a good case that, for individual Aroclors, there are insufficient studies for a meta-
analysis. So be it. But we should be working toward making TRVs based on single studies a
thing of the past. Issues such as weathering (see below) argue for a TEQ approach. Either from
a mixtures approach or congener analysis. The issue of how the TEFs were derived is not that
difficult. For most of the laboratory studies, used in our dioxins dose-response analysis, we
converted the doses of specific congeners to TEQs based upon the WHO (van den Berg, et al.
1998) and Agency TEFs (U.S. EPA. 2002) for wildlife.

Not accepted (meta-analysis comment). No claim is put forth that meta-analysis is
infeasible. Meta-analysis is an alterative approach to the one implemented here. It
probably would be an improvement over the statistical analyses in the original studies in
that the statistical power should increase as a result of the increased sample size of the
combined studies, but the TRVs would still be subject to the inherent limitations of the
statistically-driven NOAEL-LOAEL approach (TRV selection limited to the particular
dose levels used in studies, statistical significance affected by factors independent of
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toxicity, that is, the various factors that affect the power of the statistical tests employed,
and inconsistencies between studies in the severity of the effects for the same TRY, for
example, effects to as much as 50 % of the test population have been identified as
NOAELs in some studies (Crane and Newman 2000)). The present effort explicitly
combines the results of different studies to generate aggregated dose-response plots for
TRY derivation, and therefore does not base TRVs on single studies as implied in the
comment.
The comment on the TEQ approach is addressed in the next response.

Another issue is the selection of specific Aroclors (rather than total PCBs or specific congeners)
upon which to base a TRY. There is a discussion about the relevance of a TRY for Aroclor 1254
following weathering and environmental compartmentalization. The end result could be more or
less toxic than the parent PCB mix. Additional complexity is added if other Aroclors are part of
the mix. Since PCBs are among the several dioxin-like compounds that exert much of its toxic
effect via Ah-receptor binding, TRVs based on the level of Ah-R activity in the relevant media
avoid the uncertainties of weathering and complex mixtures.

Another approach, using the toxicological equivalence of Ah-R binding is the Hazard Index
Approach for mixtures that act by similar mechanisms. Since the TRY approach involves
specific Aroclor analysis, identification of specific PCB congeners would allow addition of their
toxicological equivalents and comparison with some reference standard. I recommend you
discuss alternatives to your method for deriving the TRY in the text of the document.

Accepted, a discussion of alternative approaches will be added. A point of
clarification-the PCB TRVs are not intended to replace congener-specific approaches.
The rationale for developing Aroclor-based TRVs, as discussed in the background to the
peer review charge, will be incorporated in the TRV memo.

My editorial comments are few. I recommend changing the way you present the no-effect and
low-effect TRVs. I suggest the following example (page #1; paragraph #4): "The dietary TRVs
for A1242 are 1.3 and 1.4 mg/kg for live kit production (no-effect and low-effect, respectively),
adjusted for . . . . . . . . " This confusing notation appears throughout the document.

Accepted. The notation will be changed as suggested.
Finally, it is not clear from your citation (Leonards, et al. 1995)(Table 2) in your discussion of
response normalization (page #3; paragraph #1) that you are referring to a methods citation rather
than data which might appear in Table 2.

Accepted. The citation is for the method, not the data. The text will be clarified.
CC References
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U.S.EPA. 2002. Framework for Application of the Toxicity Equivalence Methodology for
Polychlorinated Dioxins, Furans and Biphenyls in Ecological Risk Assessment - External
Review Draft. National Center for Environmental Assessment, Risk Assessment Forum.
www.epa, gov/ncea/raf
van den Berg; et al. 1998. Toxicity Equivalency Factors (TEFs) for PCBs, PCDDs, PCDFs for
Humans and Wildlife. Env.Health Per. Vol.106, No. 12, 775-792.
TH: TRVs are derived for several different Aroclors and apparently specific TRVs will be
selected for use based on Aroclors detected at a specific site. In implementing such an approach
it should be recognized that there are major uncertainties associated with 'defining' Aroclors
present at a given site, and that selection of a specific (single) Aroclor TRY for use in the risk
assessment perpetuates this uncertainty. Generally, PCBs often cannot be adequately described
by reference to Aroclors due to the subjective assignment of congener and response factors.
Aside from these analytical uncertainties, there is great uncertainty associated with the
assumption that Aroclors are representative of weathered PCB profiles. Together, these factors
present major uncertainties associated with the nature and extent of PCB exposure in the risk
assessment. To be selective in characterizing effects based on exposure data with such
uncertainties may add significant additional uncertainty (i.e., to 'select' a single Aroclor TRY to
use in effects characterization, based on very uncertain exposure characterization-single
Aroclor). Perhaps it would be prudent to calculate risk estimates using each of the Aroclor TRVs
and present a range of potential risk estimates which represent the potential variance in the PCB
profiles present.

Accepted. The uncertainties associated with basing risk estimates on Aroclor data will be
discussed.

DH: No response.
MS: Overall, I believe the approach taken is valid and a significant improvement in the formal
and objective interpretation of the literature toxicological information.

If the opportunity presents itself for revision of the materials provided it would be useful to
present all of the concentrations and exposures in one set of units, currently there is some mixing
which creates a little extra mental work for the reader.

Accepted (in part). The use of "ppm"will be changed to "mg/kg" for consistency with the
rest of the report.

Not accepted (in part). The chicken TRVs are unavoidably expressed in two different
units: mg PCB/kgBW-d for oral dose to adult hens, and mg PCB/kg egg for egg
concentrations. It is not possible to convert these units to a common basis since they
represent different measurements. The mink TRVs are given as mg PCB/kg diet. The



30
mink TRY is expressed in terms of dietary concentration, instead of body weight-
normalized dose, to simplify the risk calculations at sites for which mink is a selected
endpoint. Since the feeding studies were performed with mink, it is not necessary to
convert the dietary exposures to bodyweight-normalized doses to characterize the risk to
mink. However, for conservatively estimating risk to other mammal species that lack
PCB toxicity data, the mink dietary TRVs (mg PCB/kg food) can be generalized for
interspecific extrapolation by multiplying by the mink bodyweight-normalized food
ingestion rate (kg food/kgBW-d) to obtain the oral dose TRY (mg PCB/kgBW-d).

In future evaluations I suggest that we are open to the inclusion of gray literature in the
evaluation of TRVs, I believe that the original gray literature (e.g. thesis or study report) could
provide greater insight into the best interpretation of the data generated by the study.

Accepted for future evaluations. For the objectives of the present effort, the exclusion of
gray literature does not have a significant effect. No unpublished feeding studies
performed with commercial Aroclor are known. Some mink feeding studies with
commercial Clophen or field-contaminated fish have not been formally published and are
therefore excluded, but none of these would affect the commercial Aroclor-based TRVs
developed in this effort.

GS: This is not a criticism, but rather a point to consider. The conventional TRVs have two
values because of the peculiarities of hypothesis testing based test endpoints. The NOAEL is
nominally a no effect level and the LOAEL is nominally a significant effect level. Hence, the
threshold from no effects to potentially significant effects must lie somewhere in between. If you
are using a biological effects level, there is no need for a two-valued TRV. You could simply
choose an effects level as the threshold.

Not accepted for presentation. Representation of the range between the highest dose
associated with no adverse effects and the low-effect dose (such as the ED25) is usefulinformation for risk managers regardless of whether the values are statistically
determined (conventional NOAEL-LOAEL) or based on the shape of the dose-response
relationship (interpolation). Presenting risk managers with a range of preliminary
remedial goals (PRGs) corresponding to the no- and low-effect levels allows the
managers greater flexibility in satisfying the 9 criteria for remedy selection as compared
to providing only a single PRO. A no-effect PRO is useful because it sets a lower limit to
remedial goals below which no incremental reductions in risk to wildlife are expected.
Conversely, the low-effect PRO sets an upper limit above which detectable adverse
effects may occur. Depending on the slope of the dose-response curve, the gradient
between the no- and low-effect values may be large or small, with corresponding
implications for the range of remedial options that may be considered by decision-
makers.
Accepted for results. When the no effect TRVs are interpolated as EDIO, the range
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between no effect and low effect TRVs are exceedingly small, such that the result for
practical purposes is a single threshold.

The figures are very hard to read when printed. Also, it would be easier for the reader to judge
the reasonableness of the TRVs if they were marked on every plot (e.g., with vertical dashed
lines). It would also make the methods clearer if you indicated on the figure from which the
TRVs were derived, the points between which you interpolated (e.g., by connecting them with a
line).

Accepted (in part). The figures are modified by linearly connecting the data, and by
marking the 0.75 relative response low-effect target value. The intersection of a linear
segment and the 0.75 relative response line represents the interpolated low-effect
concentration or dose. The data points used for the interpolation are the two points
closest to this intersection, and are given in the interpolation tables. The no effect values
are similarly interpolated (in the case of hermetic responses) for 1.0 relative response (not
drawn in the figures).
Not accepted (in part). The suggested vertical lines are not inserted because the TRVs are
calculated and not derived through a graphical approach. Since graphical and
mathematical approaches may differ somewhat, the vertical lines are not inserted to avoid
misunderstanding. This will be clarified in the report.

6. Literature Citations for Responses to Comments
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Cecil, H., J. Bitman, R. Lillie, G. Fries, and J. Verrett. 1974. Embryotoxic and teratogenic effects
in unhatched fertile eggs from hens fed polychlorinated biphenyls (PCBs). Bull Environ Contam
Toxicol 1 1 :489-495.

Chapman, G., D. Denton, and J. Lazorchak. 1995. Short-term Methods for Estimating the
Chronic Toxicity of Effluents and Receiving Waters to West Coast Marine and Estuarine
Organisms. Office of Research and Development, U.S. Environmental Protection Agency,



32
Cincinnati. EPA/600/R-95-136.

demons, J., M. van den Heuvel, J. Stegeman, D. Dixon, and N. Bohls. 1994. Comparison of
toxic equivalent factors for selected dioxin and furan congeners derived using fish and
mammalian liver cell lines. Can J Fish Aquat Sci 51: 1577-1584.
demons, J., L. Lee, C. Myers, D. Dixon, and N. Bols. 1996. Cytochrome P4501 Al induction by
polychlorinated biphenyls (PCBs) in liver cell lines from rat and trout and the derivation of toxic
equivalency factors. Can J Fish Aquat Sci 53: 1 177-1 185.
Crane, M. and M. Newman. 2000. What level of effect is a no observed effect? Environ Toxicol
Chem 19 :5 16 -5 19 .

Crump, K., B. Alien, and E. Faustman. 1995. The Use of the Benchmark Dose Approach in
Health Risk Assessment. Risk Assessment Forum. EPA/630/R-94/007.
Giesy, J., D. Jude, D. Tillitt, R. Gale, J. Meadows, J. Zajieck, P. Peterman, D. Verbrugge, J.
Sanderson, T. Schwartz, and M. Tuchman. 1997. Polychlorinated dibenzo-/?-dioxins,
dibenzofurans, biphenyls and 2,3,7,8-tetrachlorodibenzo-/7-dioxin equivalents in fish from
Saginaw Bay, Michigan. Environ Toxicol Chem 16: 713-724.
Geisy, J. and Kannan, K. 1998. Dioxin-like and non-dioxin-like toxic effects of polychlorinated
biphenyls (PCBs): Implications for risk assessment. Crit Rev Toxicol 28 :5 1 1 -569 .
Gould, J., K. Cooper, C. Scanes. 1997. Effects of polychlorinated biphenyl mixtures and three
specific congeners on growth and circulating growth-related hormones. Gen Compar Endrocrinol
106 :22 1 -230 .

Hahn, M. 2002. Aryl hydrocarbon receptors: diversity and evolution. Chemico-Biological
Interactions 141 : 13 1 - 160.
Isnard, P., P. Flammarion, G. Roman, M. Babut, P. Bastien, S. Bintein, L. Essermeant, J. Ferard,
S. Gallorti-Schmitt, E. Saouter, M. Saroli, H. Thiebaud, R. Tomassone, and E. Vindimian. 2001 .
Statistical analysis of regulatory ecotoxicity tests. Chemosphere 45: 659-669.

Kannan, K., N. Yamashita, T. Imagawa, J. Khim, R. Day, C. Summer, and J. Giesy. 2000.
Polychlorinated naphthalenes and polychlorinated biphenyls in fishes from Michigan waters
including the Great Lakes. Environ Sci Technol 34: 566-572.

Kannan, K., A. Blankenship, P. Jones, and J. Giesy. 2000. Toxicity reference values for the toxic
effects of polychlorinated biphenyls to aquatic mammals. Human Ecol Risk Assessm 6: 18 1 -201 .
Kihlstrom, J., M. Olsson, S. Jensen, A. Johansson, J. Ahlbom, and A. Bergman. 1992. Effect of



33
PCB and different fractions of PCB on the reproduction of the mink (Mustela visori). Ambio 21:
563-601 .

Klemm, D., G. Morrison, T. Norberg-King, W. Peltier, and M. Heber. 1994. Short-term Methods
for Estimating the Chronic Toxicity of Effluents and Receiving Waters to Marine and Estuarine
Organisms, 2nd ed. Office of Research and Development, U.S. Environmental Protection Agency,
Cincinnati. EPA/600/4-91/003.
Lai, Z., T. Pineau, and C. Esser. 1996. Identification of dioxin-responsive elements (DREs) in
the 5' regions of putative dioxin-inducible genes. Chemico-Biological Interactions 100: 97- 1 12 .

Lillie, R., H. Cecil, J. Bitman, and G. Fries. 1974. Differences in response of caged white leghorn
layers to various polychlorinated biphenyls (PCBs) in the diet. Poultry Sci 53: 726-732.
Lillie, R., H. Cecil, J. Bitman, and G. Fries. 1975. Toxicity of certain polychlorinated and
polybrominated biphenyls on reproductive efficiency of caged chickens. Poultry Sci 54: 1550-
1555 .
Moore, D. and P. Caux. 1997. Estimating low toxic effects. Environ Toxicol Chem 16: 794-801.
Puga, A., Y. Xia, and C. Elferink. 2002. Role of the aryl hydrocarbon receptor in cell cycle
regulation. Chemico-Biological Interactions 141 : 1 17- 130 .

Restum, J., S. Bursian, J. Giesy, J. Render, W. Helferich, E. Shipp, D. Verbrugge, and R.
Aulerich. 1998. Multigenerational study of the effects of consumption of PCB-contaminated carp
from Saginaw Bay, Lake Huron, on mink: 1. Effects on mink reproduction, kit growth, and
survival, and selected biological parameters. J Toxicol Environ Health Part A 54: 343-375.
Scholze, M., W. Boedeker, M. Faust, T. Backhaus, R. Altenburger, and L. Grimme. 2001 . A
general best-fit method for concentration-response curves and the estimation of low-effect
concentrations. Environ Toxicol Chem 20: 448-457.

Suter, G., R. Efroymson, B. Sample, and D. Jones. 2000. Ecological Risk Assesment for
Contaminated Sites. Lewis, Boca Raton. 438 p.

Tillitt, D., R. Gale, J. Meadows, J. Zajicek, P. Peterman, S. Heaton, P. Jones, S. Bursian, T.
Kubiak, J. Giesy, and R. Aulerich. 1996. Dietary exposure of mink to carp from Saginaw Bay. 3.
Characterization of dietary exposure to planar halogenated hydrocarbons, dioxin equivalents, and
biomagnification. Environ Sci Technol 30: 283-291 .

Tillitt, D. 1999. The toxic equivalents approach for fish and wildlife. Human Ecol Risk Assessm
5 : 2 5 - 3 2 .



Original Peer Review Comments
Submitted by Email in Response to

Peer Review Charge for Mink and Chicken PCB Toxicity Reference Values
Derived Through an EDx (effective dose) Procedure

Received 10/17/02 through 1 1/ 14/02
Including Responses to Comments and Questions Outside of the Peer Review Charge

10/18/02 and 1 1/ 1/02



MEMORANDUM
DATE: October 29, 2002

SUBJECT: Review of Draft Avion PCB Toxicity Reference Value (TRY)

FROM: Chris Cubbison, Ph.D.
Environmental Health Scientist
National Center for Environmental Assessment (NCEA)

TO: James Chapman, Ph.D.
Ecologist
Region 5

Thank you for the opportunity to comment on the draft Avian PCB Toxicity Reference
Value (TRV). I have reviewed the TRV and associated methodology and find the approach to be
scientifically reasonable. The approach taken in deriving the TRV should be reasonably
protective of birds which are highly sensitive to PCB toxicity. Furthermore, the endpoint
selected as the basis for the TRV, reproductive and developmental toxicity, is ecologically
relevant and occurs at lower concentrations than most other endpoints. Exposure standards based
upon the Avian TRV should be protective of most other exposed birds.

TRVs were derived for specific Arochlors with consideration of preference for chronic
exposure studies and multi-generation and multi-year exposures. On thing that is unclear (first
paragraph of the Methods section) is why statistical significance was not a selection criterion. I
understand that many, well conducted, studies lacking statistical significance can be combined in
a meta-analysis to demonstrate significant trends. But that is not what was done here. If the
variability between treatments is so high that you can't distinguish between them statistically,
they should at least show a significant trend.

Another issue is the selection of specific Arochlors (rather than total PCBs or specific
congeners) upon which to base a TRV. There is a discussion about the relevance of a TRV for
Arochlor 1254 following weathering and environmental compartmentalization. The end result
could be more or less toxic than the parent PCB mix. Additional complexity is added if other
Arochlors are part of the mix. Since PCBs are among the several dioxin-like compounds that
exert much of its toxic effect via Ah-receptor binding, why not base a TRV on the level of Ah-R
activity in the relevant media. Another approach, using the toxicological equivalence of Ah-R



binding is the Hazard Index Approach for mixtures that act by similar mechanisms. Since the
TRY approach involves specific Arochlor analysis, identification of specific PCB congeners
would allow addition of their lexicological equivalents and comparison with some reference
standard (U.S.EPA Great Lakes Initiative). I recommend you discuss alternatives to your method
for deriving the TRY.

My editorial comments are few. I recommend changing the way you present the no-effect
and low-effect TRVs. I suggest the following example (page #1; paragraph #4): "The dietary
TRVs for A1242 are 1.3 and 1.4 mg/kg for live kit production (no-effect and low-effect,
respectively), adjusted for . . . . . . . . " This confusing notation appears throughout the document.

Finally, it is not clear from your citation (Leonards, et al. 1995)(Table 2) in your
discussion of response normalization (page #3; paragraph #1) that you are referring to a methods
citation rather than data which might appear in Table 2.

I hope that these comments are helpful and I would be happy provide further information
if you have any questions or need additional input. I can be reached at 513 569-7599 or at
cubbison.chris@epa.gov.

cc:



MEMORANDUM

DATE: November 14, 2002

SUBJECT: Review of Draft Avian PCB Toxicity Reference Value (TRY)
FROM: Chris Cubbison, Ph.D.

Environmental Health Scientist
National Center for Environmental Assessment (NCEA)

TO: James Chapman, Ph.D.
Ecologist
Region 5

Thank you for the opportunity to comment on the draft Avian PCB Toxicity Reference
Value (TRV). I have reviewed the TRV and associated methodology and find the approach to be
scientifically reasonable. The approach taken in deriving the TRV should be reasonably
protective of birds which are highly sensitive to PCB toxicity. Furthermore, the endpoint
selected as the basis for the TRV, reproductive and developmental toxicity, is ecologically
relevant and occurs at lower concentrations than most other endpoints. Exposure standards based
upon the Avian TRV should be protective of most other exposed birds.

Many of the question that came to mind were answered in the Background to the Charge
(which I read later). I highly recommend that you include text from the Charge in the TRV
document. Your detailed explanations of the rationale for the conventions used in deriving the
TRVs are essential to understanding what was done and why they are the best alternatives.
Charge Questions:

1) Comparison of similar studies via the data normalization procedure is one of several
approaches but yours is probably the best for very small data sets.

2) No relevant comments

3) I have seen those effect levels used in other ecological risk assessment without causing a
firestorm of protest. Relatively gross effects are often required to cause an observable
effect in field populations. A 75% effect level seems reasonable.



4a) Given the limitations of using a single study to derive a TRY, it would seem to be sound
policy to interpret the data conservatively. Limiting the interpolation to the linear portion
is a reasonable approach.

4b) No relevant comments
4c) When treatment response is greater than the control response, two things come to mind.

Either small doses of PCBs confer some survival advantage to the offspring or that the
data are so variable that you can't tell one point from another. I would attempt to
determine possible explanations for the effect before dismissing (not adjusting) the low
dose effect. If highly variable results can't otherwise be explained, I would hesitate to use
them. (See further comments below)

4d) Lack of CIs is one consequence of using a single study and no access to original data.
5) Given your limited data set, I really like how you dealt with the issue of the greater

toxicity following longer exposure. I haven't seen it done before but is seems reasonable
and does fit the observed data.

6) Being a pragmatist, I appreciate having to come up with solutions to thorny problems
with very limited data. Given the few comparable studies that you had to work with, your
options are limited. For years, we developed References Doses for human exposure
based upon a single, 'best' study (with supporting studies). It worked pretty well but a
consequence was the requirement for high Uncertainty Factors and the potential for gross
overprotection. Eventually, we developed techniques such as the Benchmark Dose for
using the information in multiple studies and the methods to make the studies more
comparable, i.e. The information in multible, somewhat comparable, studies results in
less uncertainty and lower UFs. We need to work toward developing methods for
combining similar study results to make better use of limited data.

7) TRVs were derived for specific Arochlors with consideration of preference for chronic
exposure studies and multi-generation and multi-year exposures. I have read the
discussions on the rationale for not requiring statistical significance as a selection
criterion. I also understand some of the limitations introduced by the effect of dose
spacing and that the lack of statistical significance does not negate the potential for
significant toxicity. But if the variability between treatments is so high that you can't
distinguish between them statistically, they should at least show a significant trend. I
would be more sanguine if several studies could be combined in a meta-analysis for trend
and the significance of the slope.

8) You make a good case that, for individual Arochlors, there are insufficient studies for a
meta-analysis. So be it. But we should be working toward making TRVs based on single
studies a thing of the past. Issues such as weathering (see below) argue for a TEQ
approach. Either from a mixtures approach or congener analysis. The issue of how the



TEFs were derived is not that difficult. For most of the laboratory studies, used in our
dioxins dose-response analysis, we converted the doses of specific congeners to TEQs
based upon the WHO (van den Berg, et al. 1998) and Agency TEFs (U.S. EPA. 2002) for
wildlife.

9) Another issue is the selection of specific Arochlors (rather than total PCBs or specific
congeners) upon which to base a TRV. There is a discussion about the relevance of a
TRY for Arochlor 1254 following weathering and environmental compartmentalization.
The end result could be more or less toxic than the parent PCB mix. Additional
complexity is added if other Arochlors are part of the mix. Since PCBs are among the
several dioxin-like compounds that exert much of its toxic effect via Ah-receptor binding,
TRVs based on the level of Ah-R activity in the relevant media avoid the uncertainties of
weathering and complex mixtures.

10) Another approach, using the lexicological equivalence of Ah-R binding is the Hazard
Index Approach for mixtures that act by similar mechanisms. Since the TRV approach
involves specific Arochlor analysis, identification of specific PCB congeners would allow
addition of their toxicological equivalents and comparison with some reference standard.
I recommend you discuss alternatives to your method for deriving the TRV in the text of
the document.

My editorial comments are few. I recommend changing the way you present the no-effect
and low-effect TRVs. I suggest the following example (page #1; paragraph #4): "The dietary
TRVs for A1242 are 1.3 and 1.4 mg/kg for live kit production (no-effect and low-effect,
respectively), adjusted for . . . . . . . . " This confusing notation appears throughout the document.

Finally, it is not clear from your citation (Leonards, et al. 1995)(Table 2) in your
discussion of response normalization (page #3; paragraph #1) that you are referring to a methods
citation rather than data which might appear in Table 2.

I hope that these comments are helpful and I would be happy provide further information
if you have any questions or need additional input. I can be reached at 513 569-7599 or at
cubbison.chris(a)epa.gov.

Cited references

U.S.EPA. 2002. Framework for Application of the Toxicity Equivalence Methodology for
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Www.epa.gov/ncea/raf
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[Note added: Peer review comments by Tala Henry]

Peer Review Charge for Mink and Chicken PCB Toxicity Reference Values Derived
Through an EDx (effective dose) Procedure
Charge Questions

Peer Reviewers should comment on the following:
1) Is the data normalization method (relative response = treatment response / control response)
appropriate for combining the results of different toxicity studies into single dose- or exposure-
response plots? If not, what would be a more appropriate method? Explain.
*Trie relative response normalization is appropriate so long as the treatment response and control
response are from the same study (i.e., same dosing regimen). As for combining results of
different studies, see response to 2).
2) Is the linear interpolation method appropriate for deriving the dose or dietary concentration
corresponding to selected effect levels? If not, what method would be more appropriate for use
with mean data (when the underlying replicate data are not available)? Explain.
*The combining of data from different studies is only appropriate if the data are "the same" with
regard to exposure dose metrics (i.e., for this method to be valid apples can only be combined
with apples, not with oranges). For example, dosing or exposure regimens (i.e., route and time)
must be similar or identical among all studies to be included (only way to exclude response
differences that are due to pharmacokinetic factors). This need for consistency in dose metrics is
why the reason behind development of standard toxicity testing protocols used in conjunction
with the WET methodology.

*•This lack of consistency in dosing regimens is why this type of approach is typically not applied
to mammalian/bird wildlife toxicity data or laboratory rodent toxicity data. For example, IRIS
toxicity values are generally based on a selected "best" study and adjusted using weight of
evidence from other studies because, at least in part, it is inappropriate to combine data due to
inconsistencies in dosing regimens. It is worth noting here that during development of the
GLWQI wildlife criteria, U.S. EPA (via contractor) explored the possibility of constructing dose-
response curves and interpolate EDx values to derive benchmark doses from existing mammalian
and bird wildlife Hg and PCB toxicity data. PCB toxicity studies were assembled and reviewed.
The pilot PCB analysis used individual dose-response studies (Platonow & Reinhard 1973 data
for bird and Bleavins, Aulerich & Ringer, 1980 for mink) presumably for reasons discussed
above regarding combining data and included confidence intervals. This cursory analysis did not
result in a better estimate of a concern level than the use of the LOAEL determined in the studies.
The large confidence interval at the lower doses resulted in interpolated BMD values that were
similar to the LOAELs, but with greater uncertainty. It was concluded that to effectively utilize
dose-response data and interpolation approaches, it would be necessary to produce appropriate
dose-response data for the endpoint(s) of concern. From a quick look at the studies examined for
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your effort, there have not been new studies suitable for this analysis (most of the same studies
were examined in both efforts.)

3) Are the effect levels appropriate (75 % relative response for low effect, 100 % relative
response for no effect)? If not, what effect levels would be more appropriate. Explain.
"This cannot be judged with the information provided. The value chosen appears to be arbitrary.
No scientific rationale or justification is given for selecting the 25% effect level. Selection of the
25% adverse effect level based on the WET program guidance is clearly not applicable here
because the WET guidance is designed to support compliance with AWQCs, which are derived
to protect aquatic COMMUNITIES. Information should be provided that indicates whether 25%
pup or embryo mortality would be expected to adversely affect the populations of mink or bird(s)
associated with the site.
4) Are the following modifications of the linear interpolation method recommended for effluent
toxicity testing in the Water Program appropriate? If not, how should the method be applied?
Explain.

a) Restricting interpolation to the linear portion of the data plots.
"OK. This is a statistical approach issue, not specific to WET methods.

b) Use of log-linear interpolation in place of (arithmetic) linear interpolation.
"OK. This is a statistical approach issue, not specific to WET methods.

c) No adjustment when treatment response exceed control responses (relative response
allowed to exceed a value of 1 .0) .
"In performing dose-response modeling, the shape/slope of the curve is obviously
determined by the data, both the associated concentration and response ranges. Care
should be taken not to "overweight" the dose-response curve with no effect data, i.e. too
many zero responses (RR > 1) can affect ECx values.

d) No confidence interval estimation.
"NO. This is a major shortcoming of this approach. Not having any sort of confidence
interval prevents any sort of assessment as to whether this approach is any better than the
NOAEL/LOAEL approach and/or best professional judgement. If no "benefit" (i.e. less
variability; less uncertainty, etc.) of this approach can be demonstrated why go through
all these mathematical gyrations?

"Original data are often available from study authors. Where study authors
contacted for data? If not, acquiring the data would go far in improving this effort
(i.e., confidence intervals may be calculated, see part d below).

5) Regarding the mink TRVs only, is the procedure for adjusting the TRY based on exposure
during a single breeding season to derive a TRY protective for continuous exposure through two
breeding seasons or two generations of females appropriate? (The single-season Aroclor TRVs
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are adjusted by multiplying by the mean ratio of the 2-season or generation TRVs divided by 1-
season TRVs from feeding studies with field-contaminated prey or Clophen A50.) If the
procedure is not considered appropriate, are there any recommended alternative approaches?
Explain.

*•! do not think this approach, as presented, is appropriate. Scientifically defensible rationale for
making this adjustment are not provided. What are the reasons (i.e. lexicological mechanisms)
that the 2-season/field-contaminated studies yielded more toxicity? The approach used implies it
is simply time (i.e., cumulative dose is greater in the two season study, hence the adjustment is
essentially a sub-chronic to chronic adjustment), but it is not clear that this is the primary reason
for the difference. A plausible reason for the increased adverse effects in the second year studies
is the presence of other contaminants in the field-contaminated prey. At least two of the two
season studies are confounded by the presence of contaminants other than PCBs, which is the
same reason used elsewhere to exclude data for derivation of the TRY. Hence there appears to
be arbitrary application of the "co-contaminant" criteria.
6) Any other comments on the methodology? [optional]

*TRVs are derived for several different Aroclors and apparently specific TRVs will be selected
for use based on Aroclors detected at a specific site. In implementing such an approach it should
be recognized that there are major uncertainties associated with 'defining' Aroclors present at a
given site, and that selection of a specific (single) Aroclor TRV for use in the risk assessment
perpetuates this uncertainty. Generally, PCBs often cannot be adequately described by reference
to Aroclors due to the subjective assignment of congener and response factors. Aside from these
analytical uncertainties, there is great uncertainty associated with the assumption that Aroclors
are representative of weathered PCB profiles. Together, these factors present major uncertainties
associated with the nature and extent of PCB exposure in the risk assessment. To be selective in
characterizing effects based on exposure data with such uncertainties may add significant
additional uncertainty (i.e., to 'select' a single Aroclor TRV to use in effects characterization,
based on very uncertain exposure characterization-single Aroclor). Perhaps it would be prudent
to calculate risk estimates using each of the Aroclor TRVs and present a range of potential risk
estimates which represent the potential variance in the PCB profiles present.
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Other Comments (not related to peer review charge questions) [submitted by Tala Henry],
Background:
I would suggest that the rationale for pursuing Aroclor-based TRVs focus on the fact that Aroclor data is
what is available. This is a real-world and legitimate reason, whereas the arguments against using the
toxicity equivalence methodology (for dioxin-like PCBs only; see below) are not compelling because
they are not based on fact.
First, while it is true that TEFs (i.e. consensus values derived from the WHO expert meeting; van den
Berg et al., 1998) may be based on a variety of endpoints (e.g., tumor promotion, early life stage
mortality, cytochrome P450 induction, structural similarity), the WHO TEF values are order of
magnitude estimates of the relative potency of various dioxin-like chemicals that are appropriate for use
in risk assessment. This conclusion is based on expert opinion derived from several workshops in which
consensus TEFs have been characterized as presently the most scientifically credible approach available
for assessing the cumulative effects of dioxin-like PCDDs, PCDFs and/or PCBs. The U.S. EPA and
other international governments continue to embrace this scientific consensus in as much as they have
adopted the methodology for risk assessment and risk management purposes (U.S. EPA, 1987; 1989;
2000; 2001; 2003; NATO, 1988a,b; Kutzetal., 1990; Yrjanheiki, 1992)
Second , while it is true that the only way one may apply TEFs and the toxicity equivalence methodology
is if congener-specific data are available, it is not true that congener-specific data need be available to
determine a TCDD-equivalent concentration (TEQ or TEC) in a particular sample (i.e., tissue, media,
etc.). Bioassay-derived TEQs are useful in screening efforts to determine presence of dioxin-like
chemicals and give an estimate of the total concentration (i.e., TEQ or TEC). In addition, TEQ or TEC
based dose-response relationships may also be useful for determining effects levels (i.e. TRVs), see
Tillett et al., 1996.
Third, the comments regarding the H4IIE based assays make it appear that a thorough understanding of
the application of such tools for assessing mixtures of PCDDs, PCDFs and/or PCBs is lacking. The
H4IIE bioassays are designed to determine TEQs in a sample and/or determine relative potencies values
(e.g., TEFs) of individual congeners. In the former application, one determines the TEQ in a sample(s)
based on a TCDD curve, in the same cells and under the same conditions (i.e., same solvent). In the later
application, it is true that the relative potency values obtained for a given PCDD, PCDF or PCB congener
has been found to vary depending upon the solvent used to dissolve the chemicals. However, this is a
discrepancy between various sets of TEF values and would be something to consider when selecting
which TEF set to use in your assessment, but it does not bear upon comparability between calculated
TEQs and bioassay derived TEQs because either type of TEQs would be compared to TCDD dose
response curves for determination of potential for adverse effects.
Regarding point 5) of your background discussion:
First, you mis-represent the assumptions inherent in the toxicity equivalence approach. Most
egregiously, it is stated that "the key premise of the TEQ approach is that the effects of PCBs are
primarily due to aryl hydrocarbon (AhR)-mediated processes (dioxin-like effects)." This is absolutely
not true. While the dioxin-like effects of PCBs and/or the dioxin-like PCB congeners have been most
well studied, it incorrect to assert that scientists involved in PCB research think or assume that 1) all
PCBs are dioxin-like, which is clearly recognized as not being the case, given that criteria are set forth
for inclusion of specific PCBs in the toxicity equivalence approach (i.e., specific structural and biological
criteria have always had to be met in order for a PCB congener to be included in the toxicity equivalence
approach (Bames et al., 1991 ; Ahlborg et al., 1994; van den Berg et al., 1998) and thus, the toxicity
equivalence approach only covers the 12 "dioxin-like" PCB congeners; see van den Berg, et al. 1998 for
details regarding inclusion criteria), or 2) that all toxicity of a PCB mixture is solely attributable to
dioxin-like congeners, which is clearly not the case as demonstrated by international efforts currently



underway to assess the relative toxicity of dioxin-like and non-dioxin-like PCBs (WHO, 2001).

Policy Question:
I wonder if or how the presented TRY derivation has been considered within the context of the Great
Lakes Water Quality Initiative? Given that the GLWQI criteria are National standards (i.e., issued by
EPA as 'rule-making'), derived under the auspices of international treaty with Canada (international
implications?), and the water body in question (i.e., Kalamazoo River) is within the Great Lakes
Watershed, would the GLWQI criteria be ARARs? Although the GLWQI criteria are for water, they
were derived based on selection of TRVs (test dose is the terminology used in the GLWQI criteria
documents), deemed "appropriate" via stakeholder input, extensive peer review and public comment.
Has any consideration been given to how the proposed variance in TRY (e.g., LOAEL is 2X higher and
NOAEL is 10X higher for mink) will be justified to stakeholders in the GLWQI process (e.g., Region 5
water program; Great Lakes States & Tribes; EPA Office of Water; Government of Canada)?
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[Note added: Peer review comments by Dale Hoff]

Peer Review Charge for Mink and Chicken PCB Toxiciry Reference Values Derived
Through an EDx (effective dose) Procedure
Background
Continuing Need for Aroclor-based TRVs
Although congener-specific analyses are recommended for assessing risks to PCBs, Aroclor-
based toxicity reference values (TRVs) are still needed for several reasons. 1) The PCB database
at many sites is predominantly or solely Aroclor data. This is especially true of historic data. 2)
At contentious sites, the lengthy process for resolving disagreements has resulted in a need to
finalize Aroclor-based risk assessments initiated prior to the current emphasis on congener-based
approaches, hi these situations, abandonment of the an Aroclor approach will entail substantial
delay and cost for resampling media and biota to provide synoptic congener data. 3) There is a
larger database available on the ecotoxicological effects of PCBs on an Aroclor basis as
compared to a dioxin toxic equivalent (TEQ) basis. 4) The utility of the TEQ-based
ecotoxicological studies is also compromised by the use of inconsistent toxic equivalency factors
(TEF). Conversion to a common TEQ basis is feasible only if the original congener data is
reported so that the TEF scheme of choice can be applied, but the underlying congener data are
rarely reported in journal articles-further reducing the pool of useable TEQ studies. Studies
based on bioassay TEQs, such as the HII4E rat hepatoma cell line, cannot be directly compared
to calculated TEQs, and the bioassay results vary with the choice of solvent for dosing the cells.
5) The key premise of the TEQ approach is that the effects of PCBs are primarily due to aryl
hydrocarbon receptor (AhR)-mediated processes (dioxin-like effects). Although AhR-mediated
effects are frequently reported to be more sensitive endpoints compared to non-AhR effects, it is
not clear how generally this relationship applies across taxa and endpoints. In the absence of a
non-AhR TEF scheme, an Aroclor-based assessment can provide an indication whether
significant non-AhR effects may have been missed in a TEQ-based assessment.
One of the criticisms of Aroclor-based assessments is that the results are more variable compared
to TEQ-based assessments. However, in one such comparison by Leonards, et al. (1995), no
distinction was made between different Aroclors or Clophens (total PCB vs. reproductive effects
in mink was unfavorably compared to TEQ vs. reproductive effects). This comparison was
biased since different Aroclors or Clophens differ in their toxicity.
NOAEL/LOAEL Approach

A widely used approach for determining TRVs depends on two statistically-based thresholds: the
no observed adverse effect level (NOAEL), which is the highest dose tested that did not result in
a statistically discernible effect compared to the control, and the lowest observed adverse effect
level (LOAEL), which is the lowest dose that resulted in a statistically discernible adverse effect.
Shortcomings in this approach have been long recognized-the main one is that the NOAEL and
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LOAEL are affected by factors unrelated to toxicity. An obvious factor is that the TRVs can only
be selected from the particular doses used in an experiment (commonly the tested doses are an
order of magnitude apart so there are large gaps in the data). Second, statistical significance is
not solely determined by toxicity, but also by the statistical power of the study. This has two
implications: 1) studies performed with low statistical power will result in higher TRVs
compared with studies with high statistical power for the same chemical and receptor, and 2)
since the TRVs are statistically defined, the level of adverse effects associated with the NOAEL
or LOAEL varies greatly between studies (for example, statistically-derived NOAELs may be
associated with adverse effects in as much as 50 % of the test organisms). A related
consideration is that this approach acts as a disincentive for improving the quality and statistical
power of industry-funded lexicological testing since less rigorous studies are less expensive and
have low statistical power that results in higher and less protective TRVs.
EDx or ECx Approach
An alternative is to use the data from lexicological studies to develop dose- or exposure-response
relationships, and to use the relationships to determine the no-effect and low-effect doses or
exposures that correspond to selected effect levels. This frees the analysis from the specific
doses used in a study (a TRV can now be interpolated between the tested doses), and from the
non-conservative bias of tests with inadequate statistical power. This approach is referred to as
EDx or ECx (effective dose or concentration; x represents the selected effect level of concern).

An example of the ECx approach is in the recommended procedure for analyzing the results of
effluent toxicity testing in the USEPA water program (the low effect concentration is defined as
the EC75, that is, the concentration that corresponds to a 25 % decrement in response compared to
controls).
Work Product

The TRVs for Aroclors have been revisited in Region 5 for application in Superfund sites in
which congener data is not available, and for supplemental use to accompany TEQ-based
assessments in sites with congener data. Recently, derivation of Aroclor-based TRVs by taking
the geometric means of no or lowest observed adverse effect levels (NOAEL or LOAEL),
respectively, from selected studies was challenged for including studies with field-contaminated
prey that may be confounded by the effects of co-contaminants. The work products under review
are the result of combined analysis of studies that reported the reproductive effects of feeding
commercial PCB products to mink and chicken.

The effluent toxicity testing guidance in the water program (e.g., Klemm, et al. 1994; Chapman,
et al. 1995) was modified for deriving PCB TRVs from multiple chicken and mink studies. 1)
The results of the various studies were normalized so they could be compared on a common basis
(the guidance is written for interpreting the results of a single experiment in contrast to the
multiple mink or chicken studies performed by different researchers that are analyzed for the
PCB TRVs). The normalization was accomplished by dividing each mean treatment response by
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the respective mean control response. The resulting relative responses are plotted on semi-log
graphs (log dose or concentration vs. relative response). The plots showing interpretable dose-
response relationships are used to derive the no- and low-effect TRVs by a linear interpolation
between the treatments that bracket the effect level of concern. 2) Interpolation is only
performed when the effect level of concern falls within the linear portion of the dose-response
plot (to avoid uncertain interpolations). 3) A log-linear interpolation is used since it gives a
better fit within the linear portion of the data plots compared to the linear interpolation in the
guidance. 4) Data are not adjusted when treatment responses exceed control responses (relative
responses > 1), since the recommended procedure applies to the results of single, not multiple
studies. 5) The procedure for deriving confidence intervals is not implemented since the only
available data from the published mink and chicken studies are the treatment means (the
underlying data for the individual replicates were not presented for any of the studies).
An alternate approach would be to fit curves to the data, and use the non-linear regressions to
calculate the low-effect levels. This approach was not used because only the treatment and
control mean responses are reported in the published literature. The underlying replicate data,
which would provide the best basis for curve-fitting and are necessary for calculating confidence
intervals, are not available.
An additional modification was made for the mink TRVs only. Three studies have shown
dramatic increases in adverse effects following continuous exposure to PCBs over 2 breeding
seasons or 2 generations of females compared with exposure in 1 breeding season. These studies
used field-contaminated prey, or Clophen-supplemented feed, so the 2-season or 2-generation
results cannot directly be used to interpolate 2-season or generation Aroclor TRVs. Instead, the
1-season Aroclor TRVs are multiplied by the mean ratio of the available 2-season or generation
TRVs divided by the corresponding 1-season TRVs to derive Aroclor TRVs protective for
sustained occupancy of a site by female mink.
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Peer Review Charge
The peer review charge is to evaluate the methodology for deriving Aroclor TRVs. The charge
does not include review of the input data (although documentation of the data and the specific
sources is included in the materials provided to reviewers), but the methodology for
normalization of the data is part of the charge.
Charge Questions

Peer Reviewers should comment on the following:
1) Is the data normalization method (relative response = treatment response / control response)
appropriate for combining the results of different toxicity studies into single dose- or exposure-
response plots? If not, what would be a more appropriate method? Explain.
This is only appropriate if experimental design portions of the multiple studies are similar. One
would NOT want to normalize multiple data sets if one exposure route is of oral exposures by
gavage method vs. the other of a contaminated diet. Also, the duration of exposure needs to be
similar if not identical. Finally, different strains of organisms can vary in their response. In the
example used above with the AWQCs, the organisms used for testing are of known health. This
is established as positive control tests are run simultaneously with actual tests using reference
toxicants such as KCL. The reference toxicant result (e.g. LC50) must be within a certain
percentage of the species mean LC50 for the rest of the test to be valid. Aquatic organisms have
always been easier to combine data sets in the way these authors suggest just from the standpoint
of assumptions of consistent exposure and duration when an organism is submersed in water are
much more robust than when one makes the same assumptions for terrestrial wildlife vertebrate
toxicological studies. I believe a much more prudent approach would be develop the dose-
response curves ( relative response = treatment response / control response; absolutely the way to
go) for each study and then use a statistical representation of all the studies (ie, geomean of
EC20s).

2) Is the linear interpolation method appropriate for deriving the dose or dietary concentration
corresponding to selected effect levels? If not, what method would be more appropriate for use
with mean data (when the underlying replicate data are not available)? Explain.
I would generally support the authors proposed use of the interpolation method. However, I have
significant misgivings about NOT being able to include confidence bounds. Have the authors of
this document attempted to reach the primary authors of the literature. Many times the raw data
can be obtained from the original authors to help finish the analysis. Without including the
confidence bounds on the dose-response curves, many of the same appropriate arguments
presented in this paper which object to the use of NOAELS and LOAELS will apply in the
interpolation method as well. For example, if the confidence limits are large, a NOAEL could be
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more useful than an EC20 that ranges accross multiple doses in the experimental design.

3) Are the effect levels appropriate (75 % relative response for low effect, 100 % relative
response for no effect)? If not, what effect levels would be more appropriate. Explain.
How was the 25% relative response determined to be the critical threshold for the WET
program? Was this a science-based or risk-based decision, or one of a question of statistical
rigor? The WET program tests principally fat head minnows and ceriodaphnia dubia.
Essentially, 3 of 10 individuals from several replicates have to die before a violation under a
permit would be issued to the waste treatment operator. I see absolutely no direct correlation
with between the testing procedures in the WET protocols and what the authors propose here.
The ecologically relevent percent response would be specific to the organism and the endpoint
being tested. In other words, I would view 25% pup mortality in mink much more influential on
sustaining a population of mink, compared to the influence on an entire aquatic community
existing in waters that presented a 25% in vitro ceriodaphnia mortality (ceriodaphnia always
being one of the more sensitive species in the community).
4) Are the following modifications.of the linear interpolation method recommended for effluent
toxicity testing in the Water Program appropriate? If not, how should the method be applied?
Explain.

a) Restricting interpolation to the linear portion of the data plots.
b) Use of log-linear interpolation in place of (arithmetic) linear interpolation.

This is probably the best. See additional recent guidance RAGS 3 and chapter 4 of the
probalistic guidance to help choose best models. There is actually a mink example.

c) No adjustment when treatment response exceed control responses (relative response
allowed to exceed a value of 1.0).
d) No confidence interval estimation. No, see comment above

5) Regarding the mink TRVs only, is the procedure for adjusting the TRY based on exposure
during a single breeding season to derive a TRY protective for continuous exposure through two
breeding seasons or two generations of females appropriate? (The single-season Aroclor TRVs
are adjusted by multiplying by the mean ratio of the 2-season or generation TRVs divided by 1-
season TRVs from feeding studies with field-contaminated prey or Clophen A50.) If the
procedure is not considered appropriate, are there any recommended alternative approaches?
Explain.

I would say no. Again, the core of the problem would be the comparibility of the field-
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contaminated prey vs. the laboratory mixture of Aroclors exposed in the 2 generation study. I
would generate an average ECx of the two studies after one year and compare that to the same
ECx after 2 years. If they are signifcantly different, reduce the corresponding dose of the average
ECx after one year to be equal to that of the corresponding dose at the appropriate ECx after
2years.

6) Any other comments on the methodology? [optional]
Due Date
October 21 ,2002
Format
Electronic submittal to chapman.james@epa.gov, WordPerfect is preferred, version 9 or lower.
In case anyone want to submit a spreadsheet as part of the comments, Lotus 123 is preferred,
version 9.5 or lower for Windows.

Point of Contact
James Chapman, Ph.D.
USEPA Region 5 (SR-6J)
77 W. Jackson Blvd.
Chicago, IL 60604
3 1 2 8 8 6 7 1 9 5
3 1 2 3 5 3 5 5 4 1 (fax)
chapman.james@epa.gov
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Subject: Comments on "Peer Review Charge for Mink and Chicken PCB Toxicity Reference
Values Derived Through an EDx (effective dose) Procedure"
To: James Chapman

Region V
From: Mark D. Sprenger

OERR-ERTC
Thank you for the opportunity to review the materials you developed on the TRY derivation for
PCBs for mink and avian receptors. Overall, I believe the derivation which you conduct is a
significant step forward in our ability to formally and objectively interpret the data within the
literature.

I have included the charge questions followed by my response to this issue raised in each charge.
I have also included, after the responses to the charge questions, some brief observations which
may be of some assistance in the future.
Charge Questions
Peer Reviewers should comment on the following:
1) Is the data normalization method (relative response = treatment response / control response)
appropriate for combining the results of different toxicity studies into single dose- or exposure-
response plots? If not, what would be a more appropriate method? Explain.
I do not believe that there is any reason for concluding that the normalization approach used is
invalid. The only criticism which may be valid is that with limited data sets the normalization
may skew the results, however, that interpretation is relative to alternate data evaluations and
does not inherently mean it is incorrect.

2) Is the linear interpolation method appropriate for deriving the dose or dietary concentration
corresponding to selected effect levels? If not, what method would be more appropriate for use
with mean data (when the underlying replicate data are not available)? Explain.
I do not see any technically valid reasons for discounting the approach used.
3) Are the effect levels appropriate (75 % relative response for low effect, 100 % relative
response for no effect)? If not, what effect levels would be more appropriate. Explain.
I defer to others on this issue. I see nothing technically incorrect and personally believe that the
approach used has benefits, as being statistically significant does not inherently mean it is
important. I can see this approach being criticized as being a means to increase a TRV (or be less
protective), however I do not see this as being inherently true.



4) Are the following modifications of the linear interpolation method recommended for effluent
toxicity testing in the Water Program appropriate? If not, how should the method be applied?
Explain.

a) Restricting interpolation to the linear portion of the data plots.

b) Use of log-linear interpolation in place of (arithmetic) linear interpolation.
c) No adjustment when treatment response exceed control responses (relative response
allowed to exceed a value of 1.0).
d) No confidence interval estimation.

I believe the answer to these questions is simply that I do not see anything which is incorrect or
violates some assumption; however I would defer to others on this issue. Relative to confidence
intervals, I am not sure that there is even an option, given the limited data sets available.
5) Regarding the mink TRVs only, is the procedure for adjusting the TRY based on exposure
during a single breeding season to derive a TRY protective for continuous exposure through two
breeding seasons or two generations of females appropriate? (The single-season Aroclor TRVs
are adjusted by multiplying by the mean ratio of the 2-season or generation TRVs divided by 1-
season TRVs from feeding studies with field-contaminated prey or Clophen A50.) If the
procedure is not considered appropriate, are there any recommended alternative approaches?
Explain.
I believe approach used is valid and a significant improvement in the formal evaluation of the
toxicity data. Certainly, time dependent exposure is an important factor in the response of
organisms, and long term accumulators, like PCBs, should be evaluated in this manner or a
similar one.
6) Any other comments on the methodology? [optional]

Overall, I believe the approach taken is valid and a significant improvement in the formal and
objective interpretation of the literature lexicological information.

General observations:

If the opportunity presents itself for revision of the materials provided it would be useful to
present all of the concentrations and exposures in one set of units, currently there is some mixing
which creates a little extra mental work for the reader.

In future evaluations I suggest that we are open to the inclusion of gray literature in the
evaluation of TRVs, I believe that the original gray literature (e.g. thesis or study report) could
provide greater insight into the best interpretation of the data generated by the study.



MEMORANDUM
DATE: October 17, 2002

SUBJECT: Comments on The Recommended Mink and Avian PCB Toxicity
Reference Values

FROM: Glenn W. Suter n
Science Advisor

TO: James Chapman, Ph.D.
U.S. EPA
Region V (SR-J6)

Below are my comments on the recommended mink and avian PCB toxicity reference
values.
General Comments

Dr. Chapman is to be commended for basing the TRVs on the dose-response relationships
rather than hypothesis testing statistics (i.e., on biological significance rather than statistical
significance). The conventional NOAELs and LOAELs are statistically indefensible, and the
method presented here is a clear improvement.

My primary objection to these documents is the lack of clear and complete presentation of
the methods and their underlying assumptions. Specifically, the following points need
clarification.
• TRVs are derived for a single Aroclor for each taxon ( 1254 for mink and 1248 for birds).

Are they meant to represent all PCBs, some subset of the Aroclors, or just those particular
Aroclors?

• If the TRVs are assumed to be representative of PCBs in general, are they thought to
represent average PCBs, the most toxic PCBs, or more toxic than average PCBs (i.e.,
conservative values)? How were the representative Aroclors selected? Evidently they are
not necessarily the lowest.

• How are the TRVs to be applied to a site with reported concentrations of multiple
Aroclors or of Arochlors that do not have TRVs?



• How are uncertainties and variances treated? A factor is used to correct for differences
between single and multi-year exposures but not for other uncertainties. There are
scattered discussions of this issue, but no coherent treatment.

• Is the mink TRY applicable to other mustelid species or to all mammalian species?
• Evidently, the chicken TRV is meant to apply to all birds. It is the most sensitive species

tested, but that sensitivity is used to justify not using a factor to account for
anticonservative aspects of the TRV. Does that mean that the target is a TRV for bird
species of average sensitivity?

• What is the basis for the selection of ED75 as the low effect level? I assume that it is
intended to be equivalent to typical LOAELs, but that is not stated.

• The TRVs are derived from one of several test endpoints. How was that selection
performed and by what criteria? Evidently is was not simply the most sensitive endpoint.

• The formula for interpretation should be presented in the methods section, and the
parameters and their units should be defined.

• The method for combining multiple studies should be stated. That is, do you interpolate
between points from different studies? Would you interpolate between points in one
study for the low effect level and another study for the no effects level?

• "The Saginaw data are included for comparative purposes..." That is a good idea. What
are the results of the comparison?
It is always important in scientific writing to be sufficiently clear that a reader or user can

readily understand what was done and what the factual and logical bases were. That is
particularly important when a somewhat nonstandard method is used.
Responses to Charge Questions
1) Yes, the normalization to controls is appropriate.

2) Linear interpolation is an acceptable method. However, I would not rule out the fitting of a
function just because the data for replicates are not available. They are not available for
calculating the variance on the interpolated estimates either. While you can not estimate the
inter-replicate variance, that may not be the most important concern. I would say that in this
analysis you are more concerned about the inter-study variance, which you could capture in the
confidence intervals on fitted functions.

3) Acceptability of a level of effect is a policy judgement, but the basis for the choice of 75% is



not stated. If the basis is consistency with past Agency practices, then the level chosen for the
low effect level is reasonable. That is, LOAELs established by hypothesis testing are often
equivalent to approximately a 25% decrement in performance. At the other end, no decrement in
response is certainly equivalent to no effect.

4a) It is not clear how this restriction was applied. Looking at the plots, the transition from
nonlinear to linear segments is unclear. This is a matter of judgement, but I would be inclined to
drop this restriction. I do not believe that nonlinearity between dose levels is a significant source
of error relative to other assumptions involved in TRY derivation.
4b) Distributions of toxic responses are typically more similar to log normal than normal
distributions. Therefore, the log-linear interpolation is appropriate.
4c) This issue depends on whether it is believed that the greater-than-control responses are due to
random variance or due to a hermetic effect. The smoothing recommended by Klemm et al. is
consistent with the former. The interpolation is consistent with the latter. I recommend that the
author review the PCB literature for evidence of hormesis. That is, is improved performance
typical of low exposure levels in vertebrates? If so, the interpolation is correct. If not, smooth
the data.

4d) The bootstrap method to calculate confidence intervals on interpolations presented by
Klemm et al. is not applicable to this data set, since the data for responses of replicates are not
available. I do not know of any other method that would be applicable.
5) Since there seems to be a consistent increase in effects over time, it is appropriate to adjust for
it. The simple method used here is reasonable, and I do not believe that the available information
could support a more sophisticated method.
6a) This is not a criticism, but rather a point to consider. The conventional TRVs have two
values because of the peculiarities of hypothesis testing based test endpoints. The NOAEL is
nominally a no effect level and the LOAEL is nominally a significant effect level. Hence, the
threshold from no effects to potentially significant effects must lie somewhere in between. If you
are using a biological effects level, there is no need for a two-valued TRY. You could simply
choose an effects level as the threshold.
6b) The figures are very hard to read when printed. Also, it would be easier for the reader to
judge the reasonableness of the TRVs if they were marked on every plot (e.g., with vertical
dashed lines). It would also make the methods clearer if you indicated on the figure from which
the TRVs were derived, the points between which you interpolated (e.g., by connecting them
with a line).

cc: D. Tucker



Other Comments (not related to peer review charge questions).
Comments by Tala Henry, USEPA, 10/31/02
Responses by James Chapman, USEPA, 11/1/02
Background:
I would suggest that the rationale for pursuing Aroclor-based TRVs focus on the fact that Aroclor data is
what is available. This is a real-world and legitimate reason, whereas the arguments against using the
toxicity equivalence methodology (for dioxin-like PCBs only; see below) are not compelling because
they are not based on fact.

That's a bit strong, Tala. While we disagree on one fact (whether all bioassays produce similar
total TEQs since each is calibrated to TCDD), most of our differences stem from considering
different aspects of the application TEQ methods. Also, I am not arguing that the TEQ approach
shouldn't be used. My point is that like every other risk assessment tool, it has limitations and
complications. I don't believe our understanding is sufficiently advanced to exclude other
approaches for assessing PCB risk (see examples below). My preference is to assess risk on the
basis of both TEQ and total PCB.

First, while it is true that TEFs (i.e. consensus values derived from the WHO expert meeting; van den
Berg et al., 1998) may be based on a variety of endpoints (e.g., tumor promotion, early life stage
mortality, cytochrome P450 induction, structural similarity), the WHO TEF values are order of
magnitude estimates of the relative potency of various dioxin-like chemicals that are appropriate for use
in risk assessment. This conclusion is based on expert opinion derived from several workshops in which
consensus TEFs have been characterized as presently the most scientifically credible approach available
for assessing the cumulative effects of dioxin-like PCDDs, PCDFs and/or PCBs. The U.S. EPA and
other international governments continue to embrace this scientific consensus in as much as they have
adopted the methodology for risk assessment and risk management purposes (U.S. EPA, 1987; 1989;
2000; 2001; 2003; NATO, 1988a,b; Kutzetal., 1990; Yrjanheiki, 1992)

Second , while it is true that the only way one may apply TEFs and the toxicity equivalence methodology
is if congener-specific data are available, it is not true that congener-specific data need be available to
determine a TCDD-equivalent concentration (TEQ or TEC) in a particular sample (i.e., tissue, media,
etc.). Bioassay-derived TEQs are useful in screening efforts to determine presence of dioxin-like
chemicals and give an estimate of the total concentration (i.e., TEQ or TEC). In addition, TEQ or TEC
based dose-response relationships may also be useful for determining effects levels (i.e. TRVs), see
Tillittetal., 1996.

But bioassay-derived TEQs do not necessarily correspond to the results of applying a consensus
TEF scheme. More to the point, if I have a calculated TEQ using the WHO-TEFs for PCBs (and
maybe dioxms/furans if I have a more comprehensive database), I cannot directly compare this to
a H4IIE-derived TRY since the latter may include the effects of other AhR-inducing chemicals
besides PCBs, dioxins, and furans. If these other chemicals were present in my samples, but not
analyzed and not included in my TEQ calculation, I would be underestimating risks if I compare
my calculated TEQ to a bioassay TRY that was affected by additional contaminants not included
in my TEF list. At Saginaw, half of the bioassay TEQ was reportedly not accounted for by the
combined effect of PCBs, dioxins and furans (Table 2 in Tillitt, et al. 1996).

Third, the comments regarding the H4IIE based assays make it appear that a thorough understanding of
the application of such tools for assessing mixtures of PCDDs, PCDFs and/or PCBs is lacking. The
H4IIE bioassays are designed to determine TEQs in a sample and/or determine relative potencies values
(e.g., TEFs) of individual congeners. In the former application, one determines the TEQ in a sample(s)



based on a TCDD curve, in the same cells and under the same conditions (i.e., same solvent). In the later
application, it is true that the relative potency values obtained for a given PCDD, PCDF or PCB congener
has been found to vary depending upon the solvent used to dissolve the chemicals. However, this is a
discrepancy between various sets of TEF values and would be something to consider when selecting
which TEF set to use in your assessment, but it does not bear upon comparability between calculated
TEQs and bioassay derived TEQs because either type of TEQs would be compared to TCDD dose
response curves for determination of potential for adverse effects.

The same concern over unmeasured contaminants potentially affecting bioassay results that are
not included in the available TEF scheme and/or not measured at the site applies here. The cause
of the bioassay/calculated TEQ discrepancy at Saginaw is unknown (Giesy, et al. 1997 reported
PCNs, PCDTs, or PCDEs could not account for it). Elsewhere, Kannan, et al. (2000) reported
that "contribution of PCNs to sum TEQs in fishes from the Detroit River was similar to or
greater than those contributed by coplanar PCBs".
The claim that any bioassay result should give the same overall result since each is calibrated to
TCDD with its particular solvent is only true if each solvent delivers a similar relative pattern of
congeners to the cell. It's not true if different solvents deliver different relative patterns of
congeners to the cell (from the same contaminant source). Using Tillitt, et al. (1996) as an
example, according to your claim, a DMSO H4IIE bioassay should indicate approximately the
same total TEQ as an ISO H4IIE bioassay (for the 20 % carp diet, the ISO value is 40.0 pg/g -
their Table 2). Tillitt, et al. (1996) then applied their ISO H4IIE REPs (called TEFs in the
publication) to the dioxin, furan, and coplanar PCB analytical data to calculate a TEQ (total of
20.5 pg/g for the same treatment), with half of the measured TEQ unaccounted for. But if I apply
the DMSO H4IIE REPs for dioxin, furans, and coplanar PCBs (demons, et al. 1994 and 1996) to
the same analytical data, the calculated total TEQ is 33.6 pg/g, with only a 16 % discrepancy
with the measured TEQ (and demons, et al. report fewer REPs than Tillitt, et al. do). Both
outcomes cannot be valid.

This leads to another issue. Tillitt, et al. (1996) used the H4IIE REPs to allocate the toxicity
among chemicals. When I challenged the allocation at Saginaw (PCBs contributing only 25 % of
the calculated TEQ and 12 % of the total bioassay TEQ (their Table 2, 20 % carp diet)), and
specifically questioned the order of magnitude lower H4IIE REPs for some key PCB congeners
with the ISO solvent compared to those reported for DMSO, Giesey said that the other work was
flawed because they did not properly calculate the REPs (didn't characterize the REP over
multiple points across the entire dose-response range) and emphasized there is a right and wrong
way to make the calculations. When I pressed him on the procedure used for the REPs used for
the Saginaw studies, he admitted they were not calculated according to the "right" procedure,
either. In any case, by comparison, use of the DMSO REPs indicate that coplanar PCBs account
for 70 % of the total calculated TEQ and 59 % of the bioassay TEQ. The ISO REPs indicate that
PCBs are a minor player at Saginaw, the DMSO REPs indicate PCBs are the major risk driver at
the site. The DMSO results are more consistent with the results of using I-TEFs, in which
coplanar PCBs account for 80 % of the calculated TEQ, and 85 % of the measured TEQ (their
Table 8).
Comparison of the Saginaw dose-response plots for hatchability (hens fed Saginaw carp) with
hen feeding studies with Aroclors shows that PCBs appear to be a sufficient explanation for the
Saginaw study (no unexplained toxicity). Conversely, there is an order of magnitude greater
effect in the Saginaw study for chick deformity compared to Aroclor studies. Although the
results of the Saginaw mink studies show greater toxicity than Aroclor feeding studies, the
difference is not the order of magnitude predicted by use of the ISO REPs, but is more in line
with the results of applying the DMSO REPs. I am skeptical of the validity of the H4DE REPs



used by Giesey and do not trust their use for apportioning toxicity and identifying drivers.

In short, this does indicate that, as you put it, "a thorough understanding of the application of
such tools for assessing mixtures of PCDDs, PCDFs and/or PCBs is lacking". I'm not saying
there is no understanding, but, as for many of the tools used in risk assessment, we always could
stand to know more than we presently do, and do well to keep in mind we probably haven't
thought of all the questions we should.

Regarding point 5) of your background discussion:
First, you mis-represent the assumptions inherent in the toxicity equivalence approach. Most
egregiously, it is stated that "the key premise of the TEQ approach is that the effects of PCBs are
primarily due to aryl hydrocarbon (AhR)-mediated processes (dioxin-like effects)." This is absolutely
not true. While the dioxin-like effects of PCBs and/or the dioxin-like PCB congeners have been most
well studied, it incorrect to assert that scientists involved in PCB research think or assume that 1) all
PCBs are dioxin-like, which is clearly recognized as not being the case, given that criteria are set forth
for inclusion of specific PCBs in the toxicity equivalence approach (i.e., specific structural and biological
criteria have always had to be met in order for a PCB congener to be included in the toxicity equivalence
approach (Barnes et al., 1991; Ahlborg et al., 1994; van den Berg et al., 1998) and thus, the toxicity
equivalence approach only covers the 12 "dioxin-like" PCB congeners; see van den Berg, et al. 1998 for
details regarding inclusion criteria), or 2) that all toxicity of a PCB mixture is solely attributable to
dioxin-like congeners, which is clearly not the case as demonstrated by international efforts currently
underway to assess the relative toxicity of dioxin-like and non-dioxin-like PCBs (WHO, 2001).

Your response supports the point I am making. When I do a TEQ-based analysis, I've covered
what we understand about potential dioxin-like effects. The present TEQ procedure does not
include congeners that act through non-AhR-mediated effects. Hopefully some day we'll
understand enough to have multiple TEQs that address multiple causal pathways. I don't know
of one I can use today at my sites. I should clarify the sentence to state: "the TEQ approach
available at present addresses only AhR-mediated processes (dioxin-like effects)". I made no
statements whatsoever regarding what "scientists involved in PCB research think or assume" or
any claim that "all PCBs are dioxin-like". My statement refers only to what our present TEQ
approach accomplishes-it does not address non-AhR-mediated effects (except possibly in an
indirect way if the dioxin-like congeners happen to covary with toxic congeners that do not bind
with AhR). I used the word "primarily" to reflect the conclusions of a comparison of dioxin-like
and non-dioxin-like effects of PCBs:

"Toxic effects due to coplanar PCBs occur at relatively smaller concentrations than those
due to non-dioxiri-Iike PCBs and therefore the TEF approach derives [they meant
"drives"] the risk assessment of PCBs... TEQs derived for dioxin-like effects are the
critical parameters for the risk assessment of PCBs, that is, the least concentration of
total weathered PCBs would be allowed based on the presence of TEQs." (Giesey and
Kannan 1998).

The statement that "the key premise of the TEQ approach is that the effects of PCBs are
primarily due to aryl hydrocarbon (AhR)-mediated processes (dioxin-like effects)" is an accurate
summary of this comparison. The present TEQ procedure wouldn't be used if we knew that it
was a minor contributor to toxicity compared to non-dioxin-like effects. We do recommend its
use because dioxin-like effects occur at lower exposure levels compared to the non-dioxin-like
effects in most of the situations in which they have been compared. But we do not know enough
to state with certainty that dioxin-like effects always occur at lower exposure levels than do the
non-dioxin-like effects.



Policy Question:
I wonder if or how the presented TRV derivation has been considered within the context of the Great
Lakes Water Quality Initiative? Given that the GLWQI criteria are National standards (i.e., issued by
EPA as 'rule-making1), derived under the auspices of international treaty with Canada (international
implications?), and the water body in question (i.e., Kalamazoo River) is within the Great Lakes
Watershed, would the GLWQI criteria be ARARs? Although the GLWQI criteria are for water, they
were derived based on selection of TRVs (test dose is the terminology used in the GLWQI criteria
documents), deemed "appropriate" via stakeholder input, extensive peer review and public comment.
Has any consideration been given to how the proposed variance in TRV (e.g., LOAEL is 2X higher and
NOAEL is 10X higher for mink) will be justified to stakeholders in the GLWQI process (e.g., Region 5
water program; Great Lakes States & Tribes; EPA Office of Water; Government of Canada)?

Actually, the GLI mink dietary LOAEC is 3X higher than the one I interpolated. The GLI mink
LOAEC is based on a treatment whelping frequency of 29 %, survival at birth of only a single
live, but underweight pup, and zero kit survival after a few days. Regardless of who reviewed
the GLI, this is an inappropriate LOAEC for risk management. Unlike Superfund in which risk
is assessed over the NOAEL-LOAEL range, the GLI is based only on no-effect levels. I could
not in good conscience use a LOAEC that is expected to result in 100 % kit mortality. The GLI
mink NOAEC is a default 0.1 LOAEC. The NOAEC I propose is also estimated, but is informed
by the general shape of the exposure-response plots.
At the site I am now working on, we have to address contaminated sediments. We could make
EqP calculations to derive protective sediment values consistent with the GLWQI water criteria
(for the NOAEC estimate), but I doubt it would be defensible since the only site-specific
information would be sediment TOC. We'd also have to model the relationship between
sediment pore water cone, and surface water cone, for the different reaches, and assume that the
GLI assumptions hold for our site.
GLI modeled bioconcentration by fish and bioaccumulation through trophic levels. The rivers
we are addressing do not necessarily have the same fish or trophic structure, and are likely to
exhibit bioconcentration/bioaccumulation patterns that differ from the GLI models. That's why
we measure fish (or other prey) accumulation, and empirically derive sediment-to-fish BAFs to
derive site-specific preliminary remedial goals. I would be hard-pressed to defend the GLI
foodchain and accumulation assumptions at every PCB site I work on.

The avian TRV I've developed from chicken is nearly identical with the GLI avian PCB TRV
based on pheasants taking into account the interspecific extrapolation factor of 3 used by the GLI
(and no such factor in my analysis since chickens are more sensitive than the few other avian
species tested to date).
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Tala Henry
11/01/2002 12:42 PM To: JAMES CHAPMAN/R5/USEPA/US@EPA

cc: Chris Cubbison/CI/USEPA/US@EPA, Dale Hoff/EPR/R8/USGtenn Suter/CI/USEPA/US@EPA. Mark Sprenger/ERT/R2/USEPA/US@
Subject: Re: FYI - Additional Comments and Responses

Jim,I think you took my comments in a vein that they were not intended (i.e., advisarial). The main
reason commented on aspects of the TEF methodology was that the way the background section iswritten gave me the impression of a lack of understanding of some aspects of the
methodology...perhaps it is really just a lack of dear and complete presentation (as G.Suter referredto). So, I spent the time to comment in order to give you an opportunity to change some of the text
prior to releasing to persons outside the Agency who are very familiar with the methodology. Forexample, in response to one of my comments you suggest that a sentence be modified...this is
exactly the type of response I envisioned "fixing the problems". Your responses indicate you havespent some time mulling over the TEF methodology. While in some instances we would appear to
be disagreeing, I think it is more a matter of not understanding what one another is saying becausethere are some complicated issues being discussed (e.g., the whole bioassay derived TEFs vs
TEQs issue). In a broader sense, I think we are generally "on the same page" (e.g., I'm no great fan
of the bioassay derived TEQs, but they still may be useful in certain applications).
I would prcnose that we discuss some of these issues sometime, as written comments back and "^
forth isn't so amenable to true discussion. Perhaps at the next ERAF meeting?
So, again, I didn't mean for my comments to be construed as an "attack", just thought more
information would be helpful in preparing your project for consumption outside the Agency.
Tala



MEMORANDUM

DATE: October 18, 2002

SUBJECT: Response to General Comments from Comments on The Recommended Mink
and Avian PCB Toxicitv Reference Values. October 17, 2002, Glenn W. Suter E

FROM: James Chapman, Ph.D.
Ecologist

TO: Glenn W. Suter II
Science Advisor

My responses to the General Comments are entered under each comment. The Response to
Charge Questions section of the original memo is not included in this one.
General Comments

Dr. Chapman is to be commended for basing the TRVs on the dose-response relationships
rather than hypothesis testing statistics (i.e., on biological significance rather than statistical
significance). The conventional NOAELs and LOAELs are statistically indefensible, and the
method presented here is a clear improvement.

My primary objection to these documents is the lack of clear and complete presentation of
the methods and their underlying assumptions. Specifically, the following points need
clarification.
• TRVs are derived for a single Aroclor for each taxon (1254 for mink and 1248 for birds).

Are they meant to represent all PCBs, some subset of the Aroclors, or just those particular
Aroclors?
Response: TRVs are derived for A1254, A1242, and Clophen A50 for mink; and A1254,
A1248, and Al 242 for chicken. Since A1242 exhibited two patterns in chicken, one
corresponding to A1254, the other to A1248, the chicken TRVs reduce to two: an A1254
type and an A1248 type. The TRVs are Aroclor-specific (or Clophen-specific), but with
the recognition that it may be necessary to apply them to other Aroclors to fill data gaps.

If the TRVs are assumed to be representative of PCBs in general, are they thought to
represent average PCBs, the most toxic PCBs, or more toxic than average PCBs (i.e.,
conservative values)? How were the representative Aroclors selected? Evidently they are
not necessarily the lowest.

Response: The TRVs are Aroclor-specific. Whether a particular TRV is more or less
conservative if applied as a surrogate for another Aroclor for which insufficient data are
available for TRV derivation depends on the particular pair of Aroclors under



consideration. It seems unlikely that other Aroclors would be more toxic than the
Aroclors assessed in this effort (with the exception of A1248 in mink).
There are three criteria for Aroclor selection. One is the availability of published toxicity
studies using commercial PCB formulations. This is an unfortunately limited data base,
for example, no mink feeding studies were located for A1248. Aroclors were not
considered if only a single dose was reported, for example, A1221 and A1268 (Li 1 lie, et
al. 1974; Cecil, et al. 1974), since there is no basis for interpolation. Another
consideration is the mix of Aroclors detected in biota at the two Region 5 Superfund sites
for which this effort is being made. For example, a TRY for A1232 could be derived
from Lillie, et al. (1975), but was not since A1232 has not been reported in biota at these
sites.
Cecil, H., J. Bitman, R. Lillie, G. Fries, and J. Verrett. 1974. Embryotoxic and teratogenic
effects in unhatched fertile eggs from hens fed polychlorinated biphenyls (PCBs). Bull
Environ Contam Toxicol 11: 489-495.
Lillie, R., H. Cecil, J. Bitman, and G. Fries. 1974. Differences in response of caged white
leghorn layers to various polychlorinated biphenyls (PCBs) in the diet. Poultry Sci 53:
726-732.
Lillie, R., H. Cecil, J. Bitman, and G. Fries. 1975. Toxicity of certain polychlorinated and
polybrominated biphenyls on reproductive efficiency of caged chickens. Poultry Sci 54:
1550-1555.
How are the TRVs to be applied to a site with reported concentrations of multiple
Aroclors or of Arochlors that do not have TRVs?

There are at least three options for addressing multiple Aroclors. Aroclor-specific TRVs
could be weighted to reflect the Aroclor mix at a site, the TRV of the predominant
Aroclor could be applied, or the TRV of the most toxic Aroclor in the mix could be
applied. All approaches have limitations. Mass-weighting is dependent on the
uncertainties surrounding Aroclor allocation in analytical samples. The utility of the
other two approaches depends on the proportions of the Aroclors detected, and the type of
question being asked. For example, if the predominant Aroclor overwhelmingly accounts
for the total (say 80 % or higher), it may make sense to go with the predominant Aroclor
TRV. If there is a more even mix, use of the most toxic TRV is appropriate for
screening, the mass-weighted approach for detailed risk assessment.

Treatment of Aroclors without TRVs depend on the Aroclor in question. Surrogate TRVs
may be applied when similar toxicity is reasonably expected. For example, I would apply
the mink A1254 TRV to A1248, but not to A1260.

How are uncertainties and variances treated? A factor is used to correct for differences
between single and multi-year exposures but not for other uncertainties. There are



scattered discussions of this issue, but no coherent treatment.

There is no treatment of variances since the necessary data bases are beyond my reach.
The single vs. multi-year or muli-generation exposure difference is addressed because the
available studies show that this has a large impact on the results. I am not aware of
another treatment variable that has a similarly large effect.
I need to write an uncertainty section for the TRY derivation (the internal consistency of
multiple studies within individual scatterplots indicates low uncertainty for outcomes in
laboratory settings; but the low number of data points for many of the endpoints raises
uncertainty). However, I believe that greater uncertainty is associated with the
application of the TRVs in risk assessments than in the derivation of the TRVs. In
addition to the usual uncertainties surrounding lab-to-field extrapolations and exposure
assumptions, there is an additional uncertainty surrounding the interpretion of
weathered/bioaccumulated PCB data as Aroclors.
Is the mink TRV applicable to other mustelid species or to all mammalian species?
I see it provisionally applicable to otter since controlled reproductive studies have not
been performed with otter, but other endpoints indicate that otter may be a sensitive
species (Kannan, et al. 2000). The mink TRVs are probably overly conservative for
ferrets (Bleavins, et al. 1980). I do not expect the mink TRVs to be directly applicable to
other mammals, but, in the complete absence of species-specific toxicity information,
would use the mink TRV without interspecific extrapolation uncertainty factors to
conservatively assess an unpredictable response in an untested species.
Bleavins, M., R. Aulerich, and R. Ringer. 1980. Polychlorinated biphenyls (Aroclors
1016 and 1242): Effects on survival and reproduction in mink and ferrets. Arch Environ
Contain Toxicol 9: 627-635.
Kannan, K., A. Blankenship, P. Jones, and J. Giesy. 2000. Toxicity reference values for
the toxic effects of polychlorinated biphenyls to aquatic mammals. Human Ecol Risk
Assessm6: 181 -201 .
Evidently, the chicken TRV is meant to apply to all birds. It is the most sensitive species
tested, but that sensitivity is used to justify not using a factor to account for
anticonservative aspects of the TRV. Does that mean that the target is a TRV for bird
species of average sensitivity?

I have no idea what average avian sensitivity to PCBs is-not nearly enough species have
been rigorously investigated. I see two options for assessing risk to species without PCB
toxicity data: use a tested wild species and apply an interspecific uncertainty factor, or use
chicken data without an interspecific uncertainty factor (justified by the high sensitivity of
chicken compared to the other species tested to date). Coincidentally, the Great Lakes
Initiative approach based on pheasant with an interspecific uncertainty factor is closely



similar to the chicken TRY presented here without an interspecific uncertainty factor.

What is the basis for the selection of ED1S' as the low effect level? I assume that it is
intended to be equivalent to typical LOAELs, but that is not stated.

Use of ED75 as the low-effect level is adopted from the guidance for evaluating the results
of effluent toxicity testing in the Water Program (for example, Klemm, et al. 94;
Chapman, et al. 95). I would have no issue using LOAELs if I were confident they
generally represent 75 % effect levels-but we know they're all over the board.
Chapman, G., D. Denton, and J. Lazorchak. 1995. Short-term Methods for Estimating the
Chronic Toxicity of Effluents and Receiving Waters to West Coast Marine and Estuarine
Organisms. Office of Research and Development, U.S. Environmental Protection
Agency, Cincinnati. EPA/600/R-95-136.
Klemm, D., G. Morrison, T. Norberg-King, W. Peltier, and M. Heber. 1994. Short-term
Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to
Marine and Estuarine Organisms, 2nd ed. Office of Research and Development, U.S.
Environmental Protection Agency, Cincinnati. EPA/600/4-91/003.

The TRVs are derived from one of several test endpoints. How was that selection
performed and by what criteria? Evidently is was not simply the most sensitive endpoint.
Again, a couple of factors came into play. An endpoint had to be either reported or
calculable from data provided for commercial Aroclor laboratory studies. Results for
multiple doses/exposures had to be reported. The scatterplot had to show an interpretable
exposure-response relationship, and the target effect level (relative response = 0.75) had
to be bracketed by the available data and fall reasonably within the linear portion of the
scatterplot. This left me with a limited number of endpoints that could be considered.
For example, mink kit bodweight at 6 wk would be a better endpoint for ecological risk
assessment purposes, but more data are available for kit bodyweight at birth from
commercial Aroclor laboratory studies. The only endpoints consciously dropped from
TRY derivation were the mink whelping frequency and total and live kits per whelped
dam because all three are integrated in the live kits per mated female endpoint.
The formula for interpretation should be presented in the methods section, and the
parameters and their units should be defined.

I'm not sure I understand what formula you mean, but agree that the TRY formulas in the
notes to Table 1 should be brought into the text and the terms defined.

The method for combining multiple studies should be stated. That is, do you interpolate

1 Note added after the response was sent. The term "ED75" should read "ED:5" in both the question andresponse.



between points from different studies? Would you interpolate between points in one
study for the low effect level and another study for the no effects level?
I will add discussion to the paragraph starting 'Treatment responses are normalized ... so
that multiple studies may be compared on a common basis". Yes to both questions,
although to clarify the second-interpolation also may occur between points from different
studies when deriving any single TRY as shown in the right column of Table 1 (a TRY is
not necessarily interpolated between points from a single study).

• "The Saginaw data are included for comparative purposes..." That is a good idea. What
are the results of the comparison?
No formal analysis has been made to date since this does not directly relate to decisions at
either site (the statement was to emphasize that the TRVs are not confounded by co-
contaminants, an issue raised over the previously proposed TRVs for the sites). But, it is
interesting to see how the allocation of the contributors to the total bioassay H4HE-TEQ
compares to the relative toxicity of the Saginaw studies to commercial Aroclor studies.
According to Tillitt, et al. (1996), the non-ortho and mono-ortho congeners contributed
only 17 to 25 % of the total calculated TEQ (dioxins and furans contributing the rest)
(based on H4IIE TEFs applied to congener analysis of fish samples), but the H4IIE
bioassay TEQs for fish samples were 54 to 95 % higher than the TEQs calculated from
analytical data and H4IIE TEFs (their Table 2). Giesey believes the extra TEQ is from
polychlorinated naphthalenes (not analyzed at Saginaw). This means that the PCBs
themselves should be contributing only 1 1 - 1 3 % of the toxicity due to consumption of
Saginaw fish (calculated from their Table 2). This is clearly not the case for egg
hatchability, for which the Saginaw results are consistent with those of A1248 and one set
of the A1242 results (my Figure 1, Saginaw is shown as "PCB"). In contrast, the ED75 forchick deformity occurs at an order of magnitude lower than either A1242 or A1248 (my
Figure 15-Saginaw ED75 about 0 . 1 1 mg/kg-d, and the Aroclor ED75 greater than 1.1mg/kg-d), consistent with the TEQ allocation for Saginaw fish. The mink studies do not
support the TEQ allocation at Saginaw. The results of the Saginaw mink studies do not
plot at an order of magnitude lower than the Aroclor studies (1 have not prepared
combined plots yet).

Tillitt, D., R. Gale, J. Meadows, J. Zajicek, P. Peterman, S. Heaton, P. Jones, S. Bursian,
T. Kubiak, J. Giesy, and R. Aulerich. 1996. Dietary exposure of mink to carp from
Saginaw Bay. 3. Characterization of dietary exposure to planar halogenated
hydrocarbons, dioxin equivalents, and biomagnification. Environ Sci Technol 30: 283-
291 .

It is always important in scientific writing to be sufficiently clear that a reader or user can
readily understand what was done and what the factual and logical bases were. That is
particularly important when a somewhat nonstandard method is used.

Agreed.



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGIONS

DATE: March 6,2003

SUBJECT: Toxicily Reference Values (TRVs) for Mammals and Birds Based an
Selected Arcckss

FROM:

TO:
1 Summary

James Chapman, PhD., Ecofogist ^~—
ShariKolak,RPM

Toxicity reference values (TRVs) are developed for polyiik)rinatedbq>hen)d(PCB)iTiixtui« based cm studies of
controlled exposures to commercial Aroctor products for sensitive mammal (mink) and bird (chicken) species. The
TRVs are intetpolated from doseresponse plots of Anxlor exposure and reproductive or growth endpoints, with
data collated from multiple studies. The interpolated fow-efî  level is the ctose that re
endpoint response compared to that of the control group, and the interpolated no-efifect level a 10% decrease.
The TRVs are recommended for mink or conservative application to bind species that lack species-specific PCB
toxicitydata. Since the TRVs are derived from studies of sensitive species to PCBs,use of uncertainty factors for
extrapolation to other spedes is rat nxonimended The TRVs are given as bodyweight normalized doses (mg
PCB per kilogram bodyweight per day) for ingesdon by bids to faciBtateapphcatkm to bind species of different
sizes. Dietary TRVs (mg PCB per kg food) on a wet weight(ww) basis are given for rnink since interspecific
extrapolation is not necessary to assess risk to wild mink. The TRVs for bind eggs are given as the concentration in
whole eggs on a wet weight basis (mg PCB per kilogram egg).
The TRVs are summarized in Table 1. See the text for details.

Table 1 . Interpolated PCB Toxicity Reference Values (TRVs) Based on Controlled Exposures of Mink and
Chicken to Commercial PCB Products.
Commercial
PCB Product
(Aroclor)

1242
1248
1254

Mink Diet3

mg/kgww
no effect

1.3
see!254c

0.5

tow effect
1.4
see!254c

0.6

Bind Dose
mgkgav^d

no effect
0.1-0.5"
0.4
0.6

tow effect
0.4- 0.8 b

0.5
12

Bind Egg
nig/kg whole egg ww

no effect
1.0
0.7
9

tow effect
1.5
13
12

Notes for Table 1:
a) Mink TRVs are ao5usted for continuous exposure over miltiJe years or generations at the same site (see text).
b) Two response patterns are exhibited in the published studies, which are separately assessed (see text).



c) A1248 has not been tested in mink. The mink Al 254 TRVs are applied because A1248 is as potent as A1254 in an in uto mammalian
bioassayCfiIlitt,etaL 1992).

The TRVs for mink are adjusted fix continuous exposure through two breeding seascxis or generation because
mink feeding studies with erne of the European ootiimacial PCB formulations (Clophen A50) and,
independently, with fiektocmteminated fish have shown pronounced increases mtaxieityc^^
over a single breeding season. TheA1254 TRY is based on the number of live kits per mated female and kit
bodyweight at birth. Although kit survival following birth might be a rncws sensitive endpoint compared to live kit
production or kit bodyweight at birth (see Qophen A50 betaw), the date are insufî ent fir determining kit
survival TRVs for A1254, other than to state that the tow-effect dietary concentration is less tnan ling/kg for a
single season of exposure. Surprisingly, no mink feeding studies were located for A1248. However, A1248 is as
potent as Al254 in an in vitro' mammalian bioassay (Tillitt, et aL 1992), so the Al254-based TRVs are applied to
A1248. The TRVs tor A1242 are based onlive kit production. Data are insufficient for other endpoints for
A1242.
Fcr comparison, the mink dietary TRVs for QqAenA50,c)rieofflieEim3peancaiiri»adalPCBpixxiucts>over2seasons exposure are 1.1 to 13 mglcg tor live kit production (no effect to knveffectX23mg/kgfbrkit
bodyweight (tow effect), and less than 0.8 mg/kgfor kit survival (low effect). DataareirisuflBcienttodeterrnineno
efTect TRVs tor the latter two endpoints, other than to state that the r»efi%^ TRVs are greater dian the control
dietary concentration of 0.01 mg/kg.
All of the TRVs fiom chicken studies are based on hatehability, the most frequenth/reported endpoint of PCB
studies with chicken. Chick bcdywdght is a less sensitive endpoint in the fe^
made witii hatehability. Chick survival appears tobe a more sensitive endpoint than hatehability in flie sole
available comparison (low effect TRV of 0.3 mglcggw-d for A1248), but is less reliable compared to the A1248
hatehability TRV because the survival TRV is based on sparser data requiring intenooMon over a much wider
dose gradient
A1242 exhibits two dose-response patterns in chicken studies-one with TRVs somewhat tower than Al 248, and
another approaching theA1254 TRVs. The two A1242 patterns may be due to differences in A1242batches,
chickens, feed, or experimental designs. Instead of choosing between the two patterns, both sets of A1242 TRVs
are shown.
TRVs calculated fiom exposure to commercial PCB products may underestimate flietoxicity of PCBs in the field
because of environmental weathering and selective retention in biota that alter the proportions of dioxin-like
congeners compared to the source product Concurrent exposures to other chemicals in the field that contributeto
ctioxm-Hke toxicity reduces the margin of exposure to PCBs that can be tolerated without exhibiting adverse effects.
Use of the tower of the TRVs given above is recommended to account for increased toxicity due to these effects
(A1254 TRVs for mink and A1248 TRVs for birds). The TRVs are probably not applicable to sites with source

1 The literal meaning of in vitro is "in glass", which refers to expenmerts poibirrEdauIskfe of a living body, fcrexanple,m test
tubes, petri dishes., or other laboratory apparatus. In this case, the bioassay measures the response of cuhuredceDs to PCBs and other
chemicals with dioxin-like toxicity.



PCBs different from the Aroclors assessed in tins effort, for example, A1260, which is less toxic than A1242,
A1248, or A1254 in an in vitro mammalian bioassay (Tiffitt, et aL 1992).
The methodology used far deriving the TRVs was internally peer-reviewed by USEPA scientists. The peer review
charge included review of the data normalization procedure far combining die results of different studies, effect size
selection, linear interpolation method (including the following mcdificatjons-restriction of interpolation to the linear
portion of the data plots, use of log-linear interpolation, no adjustment far violations of monotonidty for hormetic
responses, and lack of confidence interval estimation), and adjustment of mink TRVs for increased toxicity
associated with continuous exposure over 2 breeding seasons or 2 generations. The peer reviewers also made
additional comments regarding meta-analysis, uncertainty associated with Aroclor approaches, TEQ as an
alternative approach, and editorial comments. The peer review comments and responses are summarized in
Responses to Peer Review Comments. Wildlife PCS Toxicity Reference Values. March 6,2003. USEPA Region
5 Superfund Division, Chicago. The present version of this work product has been revised in accordance with these
comments and responses.
2 Acronyms
A1242, A1248, A1254, A1260 - different Aroclws (commercial PCB products produced in America)
A50 - one of the Gophen commercial PCB products produced in Europe
AhR - aryl hydrocarbon receptor (cellular protein that binds with dioxin-like chemicals in the initial step of a

cascade of interactions leading to expression of toxic effects)
AWQC - federal ambient water quality criteria
BMP - biomagrafication factor (= concentration in animal / concentration in food or environmental media)
BW - bodyweight
Ca2+ - calcium ion
d-day
ECX - effective concentration resulting in a treatment response x% less than the control response
EDX - effective dose resulting in a treatment response x % less than the control response
fw - fresh weight (weight including moisture content at the time of measuring)
g-gram
GLJ - Great Lakes Initiative
H4HE - designates a particular cultured rat cell line used in an in î bioassay for dbxin-Hke activity
I-TEF - international toxic equivalency factors
kg - kilogram (1000 g)
LDX - lethal dose to 50 % of die exposed population
LOAEL - lowest observed adverse effect level (lowest tested dose that caused a statistically discernible response

compared to the control group)
LOEC - lowest observed effect concentration (lowest tested concen&ation that caiised a statistic

response compared to the control group)
fw-lipklwaght(ccrKxntrark)nonal^
mg - milligram (0.001 g)
pg - picogram (one trillionth gram)
NOAEL - no observed adverse effect level (highest tested dose that did not cause a statistically discernible response

compared to the control group)



NOEC - no observed effect concentration (highest tested concentration that did not cause a statistically discernible
response compared to die control group)

OECD - Organization for Economic Co-operation and Development (Europe)
PCB - por>dikxiriated biphenyl
ppb - parts per billion (equal to 0.001 ppm)
ppm - parts per million (equal to mg/kg)
ppt - parts per trillion (equal to 0.000001 ppm or pg/g)
PRG - preliminary remedial goal
REP - relative potency (the fractional response of a dioxm-Hke chemical compared to 23,7,8-TCDD in a particular

test or approach)
RR - relative response (normalized treatment response = treatment response / control response of Ihe same study)
TCDD - tedachkrodibenzx>p-dioxin
TEF - toxic equivalency factor (the consensus fractional response of a dbxin-like chemical compared to 23,7,8-

TCDD based on variety of research approaches and results)
TEQ - toxic equivalent concentration (the concentration of 23,7,8-TCDD that is expected to equal the potency of a

mixture of dioxin-Kke chemicals, calculated by multiplying the concentrations of each dioxin-lflce
chemical by (heir respective TEFs, or measured directly by an in vitro bioassay)

TRY - toxicity reference value (the concentration or dose of a chemical used to assess risk-no effect TRVs are not
expected to cause adverse effects, and tow effect TRVs are the levels at which adverse effects first
become apparent)

USEPA - United States Errvironrnental Protection Agency
WHO - World Health Organization
wk-week
ww - wet weight (weight including the normal moisture content)
3 Background
One of the issues raised concerning the Baseline Ecological Risk Assessment for the Allied Paper, Irax/Portage
Creek/Kalamazoo River Superfund site concerns the appropriate PCB TRVs for wildlife. Inclusion of studies
performed with field-contaminated prey from Saginaw Bay, MI, in the derivation of PCB TRVs for mink and
birds was criticized because the observed effects may have been confounded by contaminants other than PCBs.2
One of (he alternatives suggested in written and oral comments was to use the TRVs developed for the Great
Lakes Initiative (GLT) water quality criteria (WQQ for wildlife (USEPA 1995a). This was looked into, but a
difficulty occurred in attempting to apply the TRVs used by the GU to Superfurri purposes.
The GLIWQC are based solely on the no observed adverse effect level (NOAEL), but the guidance for
Superfund ecological risk assessments recommends evaluation of risks and calculation of site-specific preliminary

2 Whether PCBs appear to be major or minor contributor to (he observed toxicrty in the Sagiraw Bay studies o^epenos on which
set of toxic equivalency factors (TEFs) are used to convert the treasured contaminant data to dioxin toxic equrvalerte(TEQsX PCBs are the
relative potencies (REPs) because they are based on a single experimental approach] rqxxled for the H4IIE bioassay (an wvara assay
peifom^wifcaiathepatonBceniine)(Tillitt,etaL19%;Ck4ey,etaL19^. The I-TEF scheme has been replaced by World Heahh
Organization TEFs (WHO-TEFs) (Van den Berg, etaL 1998), but the rew serene does not agraficanrly alter the outcome.



remedial goals (PRGs) for both the NOAEL and lowest observed adverse effect level (LOAEL) (USEPA 1997).
At first this did not appear to be problematic since die GLJ reported both die available NOAELs and LOAELs of
die studies reviewed for calculating die WQC. Ihe issue in applying these TRVs for Superfund use is tiiat die GLI
did not evahialE die appropriateness of die LOAEL data for regulating LOAEL-based risks. The mink assessment
represents an extreme example. The LOAEL chosen by die GLI for mink reproduction resulted in complete kit
mortality-only 2 of 7 exposed females whelped (gave birth), producing only 1 live but underweight kit that died
before reaching 4 weeks age (Auterieh and Ringer 1977). Since a NOAEL was not identified in this study, the
IjOAELwasccfiven^toaNOAELbydivklrrEtty The calculated
NOAEL was equivalent to the NOAEL of a mink feeding study performed with fiekl-oontaminated fish, which
indicated that die conversion provided an adequate margin of safety for ensuring no adverse effects (USEPA
1995a), and therefore satisfied the objectives of the GLJ WQC. However, at die LOAEL, TOO successful
reproduction is not an adequate representation of a lowest adverse effect level, instead it represents die maximum
possible adverse effect on reproduction, and therefore does not satisfy the Superfund objectives of characterizing the
risk range between no effects and die level at which adverse effects become detectable.
The problem in applying the LOAEL identified by the GLI is inherent in the metiwcblogy of die
NOAEL/LOAEL approach, which has been criticized in numerous publications (for examples see Crump 1984;
Suter 1996; OECD 1998; Crane and Newman 2000). The main limitations of the NOAEL/LOAEL approach are
that die values are significantly affected by factors other dian toxicity, and die available dose-response information is
not utilized NOAELs and LOAELs are statistically defined-a LOAEL is the kwest tested dose diat exhibited a
statistically discernible response compared to the control response, and a NOAEL is die highest tested dose that did
not show a statistically discernible response from that of die control. An obvious issue is that, by this approach,
NOAELs and LOAELs are restricted to the particular doses tested This is the source of the problem with the GLI
selected LOAEL for mink-the lowest treatment dose tested resulted in 0 % successful reproduction, so by default, it
was identified as the "lowest" adverse effect level, even though it is obvious that lower doses, if tested, would also
show adverse reproductive effects. Also, determination of statistical significance depends not only on toxicity, but
also on the study design (the particular dose levels tested and number of replicates per dose) and the particular
statistical procedure chosen to compare die treatment and control responses, all of which affects the statistical power
of the comparison. An unfortunate result is that '̂ oor" studies with tow statistical power are rewarded from the
perspective of potentially liable parties because diey result in higher (less protective) NOAELs and LOAELs
compared with more rigorous and expensive studies with higher statistical power. Similar considerations pertain to
the number of dose levels tested-^ewer doses are less expensive, but may "miss" appropriate effect levels by wide
margins. Another way of considering these issues is that, because of die widely ranging statistical power associated
with toxicity tests, and differences in the doses selected for study, the level of adversity associated with statistically
determined TRVs varies uncontrollably. For example, in a ring test of aquatic toxicity laboratories, die mean
decrease in response associated with die statistically identified no observed effect concentration (NOEQ was about
10 % across laboratories, but ranged as high as 37 % in individual cases (cited in Crane and Newman 2000). In
another evaluation, statistically determined no effect concentrations could be associated with as much as 50 %
decreases in responses compared to controls depending on die data and die choice of statistical method, leading die
investigators to conclude that "die NOEC is rarely if ever an indicator of no effect" (Crane and Newman 2000).
The same issues apply to LOAEL determinations. Another limitation of the NOAEL/LOAEL approach is that it
does not make use of die available dose-response information. See Crump (1984) for an example showing how
statistically determined effect levels can give misleading results for chemicals with markedly different dose-response
patterns.



An alternative is to use die data from lexicological studies to develop dose-response relationships, and to use die
relationships to detennine the no-effect and tow-effect doses that correspond to selected effect levels. Tins frees the
analysis fiom the specific doses used in a study (a TRY can now be interpolated between the tested doses), and
fiom the non-conservative bias of tests with inadequate statistical power. In this approach, the effect size is
selected first (effect size is the percentage decrease in performance compared to control), tor example, that the tow
effect level should be a 20 % decrease in treatment response compared to the control response. Then the dose
corresponding to the selected effect size is determined fiom the dose-response relationship. This approach is
referred to as "EDX" or 'TEC," where ED is effective dose, EC is the eft%^ concentration, defired as tte
"concentration that prociuces a specffied size of ef^
represents the effect size-the selected change in respor^oonparedtottieoortrolre^xiise(forexarnple>thedoseresulting in a decrement in response of 25% is designated as ED )̂. A particular EDX (the dose that would result in
a decrease in performance by the percentage chosen as the effect size) may be determined fiom dose-response data
through several procedures including graphical techniques, cakadafon from a fitted equatk^
between the measured responses that bracket the selected effect size. A modification is to calculate the TRY for the
tower confidence limit of the data, which is termed a "benchmark dose" (USEPA 1995b).
Some of the advantages of the EDX approach for determining TRVs are that the size of the effect is known
(because it is selected beforehand), the TRVs are not cctistrained to the particular ctoses tested (because d^
determined fiom the dose-response relationship revealed by the test dataX the TRVs do not depend on the
particular statistical test chosen, and confidence intervals <OT be cakxilated. One of the main limitations is in
choosing the appropriate regression model tor curve-fitting approaches. Confidence limits may be quite large for
threshold4 and hormesis5 models (Chapman 1998). Also, determination of TRVs for very tow effect levels (less
than ED10) becomes strongly model dependent (Moore and Caux 1997; Scholze, et aL 2001). Fortunately,
detennination of TRVs for effect levels greater than 10 % has low model dependence, ttiat is, the choice of
regression model has relatively minor effects on TRVs when odculated for ED10 or hî ier (Moore and Caux
1997).
An EDX approach therefore is applied to the PCB toxicity data for mink and chicken to develop TRVs
appropriate for assessing the risk range between no effect and tow effect levels.

Although congener-specific analyses are recommended for assessing rislcs to PCBs,Aroctor-based toxicity
reference values (TRVs) are still useful for several reasons. 1) Trie PCB database at n^y sites is predominantly or

3 Dose is the rate of exposure of an animal or plant to a chemical, usually expressed as the arnoimt of chemical per unit
bodyweightperday. Instead of dose, tbe concentration of toe chemical uofa investigation rray be given for omlainî ^
soil, air), food, or in a tissue or the whole body of the exposed animal or plant

4 For threshold models, treatment responses are flat (not different from the rontoliesponse) at kw doses inM a critical level of
dose is reached above which the treatment responses decrease as die dose increases.

5 Hcxrnests refas to enhanced responses (treatment responses greater Inan cotftd responses) at kw doses of a chemical that has
adverse effects at higher doses. For hounesis, treatment responses are flat (same as control) as the dose initiafy increases above the control
dose, but, before reaching the oiticalthiesbokl for ad Asthe
critical threshold is approached, the treatment response decreases to fee contnol level, and as te doses increase abow the critk l̂hiBsbDU,
the treatment responses decrease below the control response (adverse eflects occur).



solely Arodor data. Thk k especially triie of historic data. 2) At contentious sites, the lengthy process fir resolving
disagreements has resulted in a need to finalize Arodor-based risk assessments initiated prior to die current
emphasis on congener-based approaches. In these situations, abandonment of die an Aroclor approach could entail
substantial delay and cost for resampling media and biota to provide synoptic congener data. 3) There is a large
database available on the ecotoxicological effects of PCBs on an Aroclor bask 4) The utility of the available TEQ-
based ecotoxicological studies is compromised by the use of inconsistent toxic equivalency factors (TEF).
Conversion to a common TEQ basis is feasible only if die original congener data is reported so that die TEF scheme
of choice can be applied (Dyke and Stratford 2002), but die underlying congener data are rarely reported in journal
articles, which reduces die pool of comparable TEQ studies. Results of in vitro bioassay TEQs cannot be directly
compared to calculated TEQs because bioassay results and congener relative potencies (REPs) may vary with
changes in test protocols, for example, die solvent for dosing die cells (Tillitt, et aL 1991X exposure time (demons,
et aL 1997), or die species from which die ceD line is derived (Aarts, et aL 1995); and taoassays may show responses
to chemicals not having significant effects in animals because of toxicokmetic processes not present in vitro. 5) The
currently available TEQ approach assesses only taxidty related to aryl hydrocarbon receptor (AhR>mediated
processes (ctioxm-Kke effects). Although AhR-mediated effects are frequently reported to be more sensitive
endpoints compared to non-AhR effects, it is not clear how generally this relationship applies across taxa and
endpoints. In die absence of a non-AhR TEF scheme, an Aroclor-based assessment can provide an indication
whether significant non-AhR effects may have been missed in a TEQ-based assessment
4 Methods
4.1 Linear Interpolation
The effluent toxicity testing guidance in die water program (e.g., Klemm, et al. 1994; Chapman, et aL 1995) is
modified for deriving PCB TRVs from multiple mink or chicken studies. The guidance recommends linear
interpolation between die treatments showing effects diat bracket die chosen effect level The linear interpolation
method avoids die complications associated widi selection of die appropriate regression model by focusing on die
mean dose-response trend in die region surrounding die chosen effect level. Confidence intervals are then calculated
through a bootstrap method The method assumes monotonicity, that is, that die mean response decreases as die test
concentration increases, and data are smoothed (adjusted) if this pattern is violated.
The linear interpolation mediod was developed for deriving TRVs from die results of individual toxicity studies.
However, for die present effort, die results of multiple studies are combined to better reveal die shape of die dose-
response relationship for PCBs. This is necessary because most of die individual PCB toxicity studies tested a
limited number of doses. Interpolation is strictly implemented for this effort-no extrapolations beyond die empirical
data range are performed

The first modification is to normalize die data so multiple studies can be compared on a common bask The
reason for combining research results is to better define die shape of die dose-response relationship compared to
tiiat shown by die relatively tow number of doses tested in any single experiment (Section 4.7). Normalization k
accomplished by dividing each mean treatment response by die respective mean control response (Equation 1).
Two examples of this normalization procedure for combining multiple studies are Leonards, et aL (1995) and
Tananka and Nakanishi (2001) (die latter normalized both response and exposure concentration, but only response
is normalized for die present effort). The normalized responses are termed "relative response" (RR).



RR = treatment response / control response of the same study [1]
The relative responses are plotted on semi-log graphs (base 10 logarithm dose or concentration vs. relative
response). The plots showing interpretable dose-response relationships (Section 6.1.1) are used to derive the no- and
tow-effect TRVs by a linear interpolation between the treatments that bracket the effect level of concern. The plots
showing obviously inconsistent dose-iesponse relationships, either because there is no relationship or because the
combined studies are incompatible for some reason, are excluded for TRY derivation.
The second modification is interpolation is only performed when the selected effect size falls within the steep linear
portion of die dose-response plot There are two purposes: 1) the linear interpolation method is applicable to linear
responses, but will over- or underestimate for nonlinear portions of the dose-response relationship; and 2) this avoids
interpolation over excessively large exposure gradients for which the shape of the dose-response relationship is
poorly known. The practical result is that most of the interpolations are performed between relatively small
gradients in exposure values. The majority of the TRY interpolations for mink occur between treatments that differ
in dietary concentrations by 2-fold or less, with the largest difference for the interpolations for Clophen A50 and live
kits (3-fold for exposure over 2 breeding seasons, and 5-fold over 1 breeding season). Interpolation is not performed
for the TRY for A1254 and kit survival, for example, because there is a 100-fold difference between the dietary
concentrations of the treatments that bracket the target low-effect response. Many of die bird TRVs are interpolated
between small gradients (2- or 3-fold for A1242 or A1248 dose and hatehability, less than 4-fold for A1254 dose
and hatehability, and 2-fold or less for A1242 or A1254 egg residue and hatehability). A few bird TRVs are
interpolated over larger gradients (6- fold for A1242 egg residue and chick bodyweight, 7-fbkl for A1248 egg
residue and hatehability, and 10-fold for A1242 or A1248 dose and chick bodyweight, and A1248 dose and
survival). Interpolations are not performed for greater than 10-fold differences in treatment doses.
A third modification is log-linear interpolation (Equation 2) is used since it gives a better fit within the linear
portion of the data plots compared to the linear interpolation in the guidance.

[2]
TRV =

Where TRY is the interpolated toxicity reference value, P is the chosen effect size (Section 42), M, is the control
relative response ( 1 .0 by definition because the response data is rKMmalized to controls), Cj is the test concentration
of the treatment that produced a relative response (Mj) greater than^andC^i is the test concentration of the
treatment that produced a relative response (M ,̂) less than P. The symbols used in Equation 2 are the same as the
ernes in the guidance for effluent toxicity testing. Equation 2 is used for interpolating TRVs on the basis of PGB
concentration in mink diet or chicken eggs. A similar equation is used for interpolating TRVs on the basis of
bod^dght-notrnalized dose to chicken, where C is replaced by D for dose.
A fourth modification is data are not smoothed when treatment responses exceed <x>rtrol responses (relative
responses>l) to allow for hormesis (enhanced response at very tow doses). One of the response patterns used for
bird TRY derivation, chick bodyweight vs. A 1 242 egg residues (Figure 27), was attributed to hormesis by the
investigators (Gould, et al. 97). The same investigators also reported a hermetic effect of A1254 on chick
bodyweight (Figure 26). Gould, etaL's conclusion is accepted because hormesis is evident at two dose levels for
two different endpoints. All three of the commercial PCB products tested in mink reeding studies show possible



hermetic effects on die number of live kits per mated female (Aroclors 1242 and 1254, and Clophen A50) (Figures
2,3,7). Hormesis is evident in die Clophen A50 experiment for exposure durations of botfi 1 and 2 breeding
seasons (Figure 7). This effect is also shown by some of the feeding trials performed with fiektcontarninated prey
for die same endpoint (Figures 8 and 13). Therefore, acceptance of hormetic responses is justified for die effects of
egg residues on chick bodyweight (as attributed by die researchers), and die effect of dietary exposure on die number
of live kits per mated female mink (exhibited in multiple studies). This indicates diat adjustment of deviations in
monotonicity is unwarranted for a treatment response exceeding the control response. The same modification to the
linear interpolation method to aflow for potential hormesis was made in a recent comparison of techniques for
calculating effective doses (Isnard, et aL 2001). Data smoothing for monotonicity is performed in a few cases when
the treatment responses are less than die control response, that is, when hormesis can not explain die deviations
(documented in die notes to Tables 2 and 3).
A fifth modification is the procedure for deriving confidence intervals is not implemented since the only available
data from the published mink and chicken studies are die treatment means (the underlying data for die individual
replicates were not presented for any of the studies). The bootstrapping method for generating confidence intervals
for die linear interpolation method requires the fuD replicate data
An additional modification was made for the mink TRVs only. Two mink feeding studies, one performed with
Clophen A50-suppkmented feed and one with field-contaminated prey, reported the reproductive effects of PCBs
associated with exposures over both one and two breeding seasons, and die latter study also reported the
reproductive effects in two generations of exposed females. Both studies showed increased adverse effects in the
second year or generation of continuous exposure. Since only single-season exposures have been reported for
commercial Aroclor feeding studies, TRVs protective for long-term occupancy of a site by female mink are
calculated by multiplying the single-season Aroclor TRVs by die mean ratio of the Clophen A50 and field-
contamination TRVs for exposure over two breeding seasons or generations divided by the corresponding TRVs
for single-season exposure in the same studies (the ratios are given in Table 2).
42 Effect Size
Effect size is the amount of decrease in response of animals or plants exposed to a chemical compared to
unexposed controls that is selected as die level of concern for assessing risk (die x of EDX, Section 3). The selected
effect sizesforthis effort are not based on receptor-^peciikliiehistory/pcpulationniodek The bird TRVs, derived
from chicken data, are intended to provide conservative TRVs tor arjplk^on tosses of unknown sensitivity to
PCBs, for wWcft r» single pcjpuMon motel would be applicable. The mink TRVs may also be applied to
mammalian receptors of unknown sensitivity to PCBs (this requires bodyweight normalization of the mink dietary
TRVs), in addition to mink for which it is derived The effect sizes used in this effort are chosen for pragmatic
reasons-to minimize model dependence, approximate die power of well-designed toxicity studies, and maintain
general consistency in approach with other regulatory uses of toxicity test data In short, to select a tow effect size
that is expected to be detectable in a well-designed study, and is reasonably oorisisterrt with prior Agercy practice.
The very steep PCB dose-response plots make die question of die arjfjrorjriale low efl̂  levd scmewhat moot,
since there is a small range between no-effect and total-effects levek

A pragmatic consideration is to avoid choosing an effect size for which interpolation may be strongly model
dependent ti an examination of aquatic toxicity data sets, Moore and Caux (1997) concluded that interpolation
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becomes strongly model-dependent far less than 10 % decreases in response compared to that of controls (see also
Scholze, et aL 2001). The various models gave reasonably consistent results for response differences of at least
10 % compared to controls. A related consideration is the effect size commonly associated with statistically-
determihed lowest observed effect concentrations (LOECs) in well-designed toxicity studies. The LOECs of the
toxicity studies for die ambient water quality criteria (AWQQ and pesticide programs generally correspond to 20 to
25 % effect sizes (Suter, et aL 2000), and interpolation of the 25 % effect size is recommended for effluent toxicity
testing (&&, Klemm, et aL 1994; Chapman, et aL 1995). Another pragrnatic (jonskferatkm is o>n^^
basis for regulatory decision-making in other programs that utilize toxicity testing results. A de minimis effect size
of 20 % was identified in one such review (summarized in Suter, et aL 2000) [note: this is not a standard written in
the regulations, but the minimum effect size associated with regulatory actions in practice].
This indicates that a reasonably detectable effect size consistent with Agency practices in other programs would fall
between 20 and 25 % The higher of these values is chosen for this effort to ensure that the low effect size
represents a non-trivial departure from the control response (equivalent to 75 % relative response), rh other words,
the interpolated low effect TRY is the
The no effect size is set a 1 10 % (relative response of 90 %X so the inten»latedr» effect TRY is the ED10 or ECI0.Similar to the rationale for the choice of tow effect size, 10% is chosen for no effect size because it is unlikely to be
identified as a LOAEL in a reasonably well-designed toxiciry study, is lower than the ̂/n»iffMB effect-level
identified in a review of regulatory decision-making, but is at the minimum size so that the calculated ED,0 is notstrongly model-dependent (various regression techniques will likely give similar values).
The effect sizes could be further refined by linking them to spedes-speciffcpopuMon models to derive effect
levels fiom projected population dynarra
even so, there may be significant uncertainty (Section 6.1.6). However, because of the nature of the dose-response
relationships for PCBs and reproductive endpoints in mammals and birds, such refinement would have relatively
minor impact on the final TRY values.
The question of the appropriate value for the tow effect size is made somewhat moot by the very steep dose-
response plots for PCBs. For example, the A1248 oral dose to hens associated with complete hatch failure (~1
mgfcg-d) is less than 3 times greater than the dose showing no effect (~0.4 mg/kg-d) (Figure 19). The same is true
for mink endpoints. Live kit production is completely suppressed at a dietary ccHicentrationof5rng/kgA1242,but
no effect is reported at 2 mg/kg (exposure over a single breeding season) (Figure 2). The range in Al 254 dietary
concentrations for the same endpoints are 2 and approximately 1 mg/kg, respectively (exposure over a single
breeding season) (Figure 3). Refinements of the effect level will therefore produce only relatively small changes in
theTRVs.

43 Study Selection
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Study results are selected according to the Mowing criteria: 1) studies published in journals (gray literature 6

excluded), 2) primary sources (secondaiy sources 7 exc±idedX 3) matched control and treatment responses^
continuous PCB exposure up to or through the initiation ofhtedir^ (responses folbwingcessatkm of exposure are
excluded if sufficient time elapsed to aBow depuration 8 to occur prior to breedingX and 5) bealment responses
individually reported by dose and Aroclor (aggregated responses based on combinations of exposure levels or
combinations of Aroclors are excluded). The individual Aroclor constraint is not applied to studies with field-
contaminated prey. Statistical significance is not a criterion for selection of treatments within a study since the
objective is to develop dose-response relationships over (he fiifl gradient tested (treatments fliat do not differ fiom the
control response are as important far delineating the dose-response î atkmship as the treatments that do diflfer).
When response data are reported for more than one exposure time, data far later expcsiirepenbds take precedence
over earlier exposure periods or data averaged over die entire exposure period Data are taken fiom text, tables, or
figures so long as Ihe selection criteria are met
Only studies in which the test animals were exposed to ccmmercial PCB products are
Studies performed with field-contaminated prey are not direc% used for cakxilatingTRVs (to av^ possible
confounding effects of contaminants not occurring in KB products^ but are included to rortnl̂
evidence for response trends (e.g, evidence ofhormesisX to oontnlxite to the estirnatkm of te proportional change
in mink responses when the exposure duration increases from cne breeding season to two breeding seasons or
generaticc^ard for overall ccinparisciiwiftAiDckorstiKlies. Aroclor and field contamination studies are plotted
separately for mink, but since only one chicken study is inchid^ with fiekk^ontaminaled feed, it is plotted on die
same graphs with chicken Aroclor studies to conserve space (the n^ldK»ntaminatedstiidyisshownas''PCB"in
Figures 17, 21, 25, 26, and 29-31).
Of the studies used for TRY derivation, only one did not continue exposure throughout breeding. Kakela, et al.
(2002) exposed mink to A1242-supplemented food for 21 weeks, but then switched to the control diet at the onset
ofbreeding. This treatment is included because there was no delay between the cessation of A1242 exposure and
initiation ofbreeding, therefore depuration did not occur prior to breeding. The sole TRY calculation involving this
treatment is for live kits per mated female for A1242, in which the Kakela, et al. o^tum is consistent with the trend
of die other studies (Figure 2).

One of die "field-exposed diet" studies (mink fed meat fiom A1254-exposed cows) reported die control response
for only one of die endpoints in die study (live kits per mated female) (Platanow and Karstad 1973). Otfier
responses are included only when die treatment response was zero (e.g., 0 % kit survival in the 0.64 ppm
treatmentX because die relative response in diis case is not affected by die specific value of die control response.

6 Gray literature refers to studies not published in journals or bods, or abstracts of results that provide insuflSciertinftxrnalion on
methods and data. Exanpfes of gray titaalure include meetiî ab^
research notes, and prepublication drafts.

7 Primary sources are to lh£ original publications reporting research results. Secondaiy sources are review articles, ampliations,
or other summaries of previously published work

8 Depuration is the elimination of chemicals from an animal after the cessation of exposure, throu^rnetabotic conversion and/or
excretion.
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This study is not included in the A1254 TRY derivation because A1254 was not fed directly to mink. The
bioaccumulation process in cows increased the toxicity of die PCBs to the next higher trophic level (animals
feeding on cows) as does bioaccumuMon in wild animals (PCB toxicity to predators is usually greater than to then-
prey), so this study is included as one of the field-exposure studies.
It is not feasible to exactly match the exposure durations between studies. Exposure durations range from 6 to 14
wk for chicken feeding studies, with most between 6 and 9 wk (Table 7) (an individual 39-wk treatment by
Platanow and Reinhart (1973) is not used for TRY derivation), and from 3 to 10 months for mink studies
performed over a single breeding season (Table 6) (the results of the 2-month exposure duration by Jensen (1977) is
not used for TRY derivation because the type of PCB in tWsstudy was not identified). For mink, the studies are
segregated by the number of breeding seasons exposure was maintained (the results of exposure over 2 breeding
seasons or 2 generations are analyzed separately from 1-season results). The data show no obvious effects due to
the range in exposure durations (other than the 1-season vs. 2-season or 2-generation results for mink which are
therefore disaggregated) (see Sections 6.12 and 6.1.5 for further discussion).
The exposure route for all of the mink studies is the same-contaminated diet For oral dose to chicken, the
exposure route is contaminated diet with one exception-contaminated water in the study by Tumasorris, et al.
(1973). The data do not show an effect related to this difference in exposure media The relative effect due to
exposure to contaminated water is consistent with the effect trends of exposure to contaminated diet (Figures 20
and 24). As it turns out, the Tumasonis, et al. results had no direct influence any of the TRY interpolations. For
egg concentration, the exposure route was through maternal dietary exposure except for Gould, et aL (1997) in
which PCBs were injected into egg yolks on day 0 of incubation. The Gould, et al. study influenced one TRY
(chick bodyweight vs. A1242 egg residue). Again, the response trend is consistent between exposure routes
(Figure 27) (see Section 6.13 for further discussion).
4.4 Toxicity Endpoints
Data for the following reproductive and growth endpoints were collected from a review of mink PCB studies:
whelping frequency (number of female mink giving birth / number mated), total kits (five and stillborn at birth) per
whelped female, live kits per whelped female (at birth), live kits per mated female (at birthX kit bodyweight, and kit
survival (Table 4). Since the effects of the first three endpoints are integrated in the number of live kits per mated
female, TRVs are not separately calculated for whelping frequency or for total or live kits per whelped female. Kit
bodyweight and survival are reported for various times following birth as given in the original studies. TRVs are
calculated for kit bodyweight at birth, but not for later times, because the database for later times is smaller than for
bodyweight at birth. Kit survival was reported for 4 to 6 weeks following birth in the studies used for TRY
derivation.
For chicken PCB studies, the toxicity endpoints include egg productivity, egg fertility, hatehabirity, chick
bodyweight, chick survival, and chick deformity. To maintain comparability among the dose-response plots
(reduced response at higher doses for endpoints exhibiting a relationship with PCB exposure), chick deformity is
converted to chick normality, that is, the relative proportion of chicks without deformities is plotted. Chick
normality is calculated as 1.0 - the proportion of deformed chicks. As with other endpoints, treatment normality is
divided by the corresponding control normality to calculate the relative response, in this case, relative normality (or
normalized normality!).
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4.5 Data Conversions
Normalization of response data is discussed in Section 4.1. The data sources, relative response calculations, and
other data conversions are documented in Tables 6 and 7.
The mink dietary PCB concentrations ate as given in the original studies when available. Two studies expressed
the exposure in terms of daily ingestion (mg PCBAnink/d), instead of dietary concentration (Brunstrom, et aL 2001;
Kihistrorn, et aL 1992). The dietary concentration is calculated by dividing the daily PCB ingestion by the daily
food ingestion reported in each study (see notes to Table 6). For some of the study results, the reported data are
converted to make them consistent with the toxkaty endpoints assessed in this effort For example, if the number of
live kits per mated female is not given in the onginal study, it is calculated by multiplying the number of rive kits per
whelped female by the fraction of females whelped of those mated The conversions are documented in the notes
to Table 6.
The chicken dietary PCB concentrations are converted to bodyweight-normalized doses by multiplying by the food
ingestion rate reported in the study, or by a default leghorn hen food ingestion rate of 0.067 kg feed/kgsv^d
(Medway and Kate 1959). For the single studywirh PCB exposure through water (Tumasonis,etaL 1973Xthe
todywdgbl-nomializeddcre is calculated ty
water consumption per hen divided by the reported hen bodyweight(seenotetoTable7). WheneggPCB
concentrations were reported fcr egg yolks, the data TC
0364, the proportion of yolk in chicken eggs on a wet weight basis (Sotherland and Rahn 1987).
The relative "chick" normality (see Section 4.4) for Little, et al. (1975) is based on abnormal embryos, not on
deformities in hatched chicks. Howeva, data are rnsuf&aent for den vingdefor^ The
relative' 'chick5' bodyweight for Gouki, et aL (1997) is based on 17-d embryos, not on hatched chicks. This data set
plays an important role in the A1242 egg TRVs for chick bodyweight
4.6 Presentation
The source data, data conversions, and relative resrxjnsecak îlations are documented in Tables 6 and 7. The
relative responses are summarized in Tables 4 and 5, and plotted in Figures 1 -32 in semi-log graphs (dose or
concentration on a base 10 logarithmic scale). To aid itrtapretation, the data points of commercial PCB feeding
studies that exhibit interpretable dose-response relaticiiships are lineariy connected in the fig^
effects of a single commercial product (an exception is made for Figures 25 and 28 because of the small number of
datapoints). Data points are also linearly connected in the figures illustrating 1heRestum,etaL( 1998) study
performed with Md-contaminated diets because the results are used in part to estimate the effei of inoeasing
exposure duration from 1 breeding season to 2 breeding seasons or generations. Data are presented as scatterplots
(unconnected) in the figures simultaneously showing the effects of multiple Arocbrs or multiple field-contaminated
diet studies on an individual toxicity endpoint, and in the figures of eridpoints that do rxrtexhM an inten^^
dose-response relationship.

The TRY interpolations are presented in Tables 2 and 3. Although the TRVs are derived through calculation, and
rot through a graphical approach thet The low
effect size is shown in the figures for endpoints used for TRY derivation by a tarizontal line irxficating 0.75
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relative response (eflfect size of 25 %). The tow eflfect TRY (ED^ or EC )̂ is represented by the dose or
concoitraticHicxintspondingtothe^
scatteiplotdata. The two data points nearest to the intersection are the data used for interpolation (see Tables 2 and 3
for the sources and values of the interpolation data). Similarly, a no eflfect TRY (ED10) is the intersection of the 0.90
relative response line (not shown) and the line connecting the scatterptat data
4.7 Example
A comparison between the results of individual studies and combir^ studies is illustrated in Figure 16 for the
eflfect of A1248 dose to hen on hatchability. The 9 mean data points in this plot come fiom 3 studies-one
contributing 4 means, one 3 means, and another 2 means (the exposure cknations of these 3 studies are similar, 8 to
9wk). There is an internally consistent dose>rcsponse relationship based en the ootnoî
threshold for significant adverse effects above 0.3 mg/kg^rd, with a sleep decrease in hatchability to nearly
complete suppression above l.Omglcggw-d Based on the combined data, the interpolated no eflfect TRY (ED10) is038 mgfcgjw-dtandthe low eflfect TRY (ED )̂ 0.48 mg/kgaw-d (Table 3). Takm individually, the interpolated
ED^ for die separate studies are approximately 02,025, and 0.45 mg/kg-d Two of the studies provide inaccurate
estimates of the ED^ because the doses chosen for those studies do not adequatery reveal die steep portion of the
dose-response relationship. In both cases, the doses used for interpolation diflfer by an order of magnitude, that is,
interpolation is performed over a 10-fold dose gradient The one study (LilH^et all 975) that adequately reveals the
steep portion of the dose-response relationship was perforrried with closery spaced doses (2-fold gradients)
specifically selected between the doses showing no and severe effects in an earlier investigation by the same
research group.
Statistical analyses were presented in two studies9 for the eflfect of A1248 dose on hatchability. TheNOAELwas
0.12 nig/kg^ (2 ppm treatment), and LOAEL12 mg/kgnw-d (20 prm treatment) for LUlie,etaL (1974).
Compared to the dose-response relationship in Figure 16, the NOAEL is much lower and LOAEL much higher
than the actual threshold for effects, In the study by Scott (1997), the NOAEL was 0.07 mg4cgBwrd(1.0ppm
treatment) and LOAEL 0.67 mg/kg^ (10 ppm treatment). In this case, the LOAEL is closer to theED^ of the
combined data, but the NOAEL is much tower than the ED10, in other words, one treatment dose was
fortuitously chosen that fell within the narrow transition between no and severe effects, but the 10-fold gradient to
the next tower dose tested was too large to adequately represent the threshold for adverse effects.
5 Results

5.1 Mink Studies

The results of mink studies are shown in Figures 1-15. Exposuî respcnse relationships are evident for number of
live kits per mated female (Figures 1-3,7,8, and 13), kit bodyweight (Figures 5,9,10, and 14), and kit survival
(Figures 11,12, and 15). Data were also normalized for whelping frequency, total kits per whelped female, and live

9 Unfortunately, the statistical analyses in LflKe, et aL (1975) were only peifbnned to conpare the eflfects of different Arockare
(with the results of the multple doses combined for any singfe Aroclor), or diflfe^ doses (with the icsuhs of mift^Aiockais combined fa
any single dose). Statistical comparisons woe not made to compare the effects of o îflerert doses of any siî feAroclor.
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kits per whelped female, but these effects are integrated in the live kits per mated female endpoint, so are not
separately analyzed
The interpolated TRVs are given in Table 2. The dietary TRVs (mg/kg ww) for exposure in a single breeding
season are as follows: A1242-15 (no effect) to 2.7 (low effect) for live kits per mated female; A1254-1.0 (no
effect) tol.l (low effect) for live kits per mated female and 1.1 (low effect) for kit bodywaght; and dophen
A50-2.4 (no effect) to 3.1 (tow effect) for live kits per mated female. The A1254 TRVs for lot survival cannot be
interpolated because of data complications (described below) and, for the no effect TRY, excessively large dose
gradients, but are greater than 0.02 and less than 1.0 mg/kg ww diet
The A1254 relative response for kit survival appears to show a no effect level of 1.0 mg/kg ww (Wren, et aL 1987)
arri complete mortality at 10 mg/kgww(Auk^ Although Wren, et al (1987)
show the same kit survival for controls and die 1 mg/kg treatment, they reported a dramatic shift in the cause of the
mortality in the two groups-mainly trauma and infection in the control kits (9 of 12 kits that died after birth), but
predominantly starvation in the treatment kits (13 of 14 treatment kits that died after birth). In contrast, they reported
that none of the control lot mortality was due to starvation. These observations raise the possibility that the treatment
mortality might have been related to wasting syndrome, a "starvation-like" syndrome of chemicals with dioxin-Hke
effects (Seefeld, et al 1984; Lu, et aL 1986). Afflwugh the Wren, et aL study does not prove that wasting syndrome
occurred, die major shift in the causes of mortality between the treatment and control groups indicates that there is
substantial uncertainty in concluding that the 1 mg/kg treatment is, in fact, the no effect dietary concentration for kit
survival in the Wren, et al. study. This means that the no effect dietary A1254 TRY for kit survival may be less
than 1 mg/kg ww, and greater than 0.02 mg/kg ww (control), but more precise determinations cannot be made with
die existing data
Two studies, one performed with a commercial PCB product (Brunstrom, et aL 2001X and one with fiekl-
contaminated prey (Restum, et aL 1998), reported die reproductive effects of PCBs associated with exposures over
both one and two breeding seasons. Restum, et aL, also reported die reproductive effects in two generations of
exposed females. Both studies showed increased adverse effects in die second year or generation of continuous
exposure compared to die first (Figures 7-10, and 12). Brunstrom, et aL (2001) wrote:

"In die second season, die effects on reproduction were more pronounced and clearly dose
dependent.. In our study, die concentration in die feed was die same during die two
reproduction seasons, resulting in a reduced frequency of whelping females in die second season
only. This finding suggests that die PCB concentration in die animals increased from die first to
die second reproduction season, showing die relevance of long-term exposure for estimation of a
LOAEL"

Brunstrom, et al. (2001) fed mink diets spiked widi Clophen A50, one of die European commercial PCB
products, and reported results for exposure over bodi 1 breeding season (6 months) and 2 breeding seasons (16
months). This study showed a dramatic decrease in die whelping frequency from 90 % of mated females for die
first breeding season to 39 % for die second season in dieir "A50 high" treatment (23 mg/kg ww diet). The
control whelping frequency was 93 % in bodi years. Live litter size per whelping female decreased nearly by half
between die two exposure periods for die same treatment (from 3.8 live kits/whelped female die first year to 2.0 die
second year) (control values 4.0 and 4.4, respectively). Mean kit bodyweight also decreased for diis treatment (from
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7.9 g to 6.7 g) (control values 9.6 and 8.9, respectively). Only kit bodyweight was statistically discernible fiom the
control in the first breeding season, but, in addition to kit bodyweight, both whelping frequency and live litter size
per whelped female were also statistically discernible fiom control values in (he second breeding season. Sufficient
data are available to calculate TRVs for both exposure periods for the number of live kits per mated femaleI0 (Table
2andFigure7). The tow effect TRY fbrexposure over 2 breeding seasons(l 3 mgkg) is 0.42 of the
corresponding TRY for 1 season exposure (3.1 mg/kg), and the 2-seascn no effect TRY (l.lmgfcg) is 0.47 of the
1-season value (14 mg/kg).
Restum, et aL (1998) fed mink various proportions of fiekkxmfarninated cam from Sagrnaw
reported results for exposures ova 1 breeding seasons (6 rroithsX 2 breeding seasons (16 monftsX or 2
generations (exposure in uterv " followed by 12 months exposure) (Figures 8,10, and 12). Six comparisons are
shown in Table 1 between 1-season and 2-season or 2-generation TRVs for live kits per mated female, kit
bodyweight, and kit survival Note that for live lots per mated female, the ratios of 2-season or 2-generation
responses divided by the 1 -season response result in maximum ratios. This is because the 1-season live kit per
mated femak TRY onnct be interpolated (his at a Mg^ Instead of
making an uncertain extrapolation, the relative response at die highest dietaiycxMrenlration tested is used for the 1-
season low effect TRY (0.9 relative response at l.Omglcg). Since the 1-season EC^ is at a dietary concentration
greater than 1 mg/kg, the actual product of dividing the 2-seascnw 2-generation TRVs by the 1-season TRY would
be smaller than the ratios shown in Table 1 for live kit per mated female (0.39 and 028, respectively). There are no
such issues for the other endpoints. Overall, die ratio of 2-season or 2-generation TRVs divided by 1-season TRVs
ranges fiom <028 to 0.87 for the various endpoints in the Restum, et aL, study (Table 1).
For the purposes of adjusting the single-season Aroclor TRVs so they will be protective fcrsustainablecccî pancy
by mink for multiple years or generations at a given location, the 1-season TRVs are multiplied by the mean ratio of
the 2-season or 2-generation tow effect TRVs divided by the 1 -season TRVs based on the studies by Brunstrorn,et
aL (2001) and Restum, et aL (1998). The mean ratio of the seven comparisons is 0.52, that is, on average, the low
effect TRY for 2-seasons or 2-generations exposure is 52 % of the tow effect TRY for 1 -season exposure to PCBs.
Accordingly, the single-season TRVs for A1242 and A1254 are multiplied by 0.52 to derive TRVs for long-term
sustainability. By this approach, the A1254 tow effect TRY is 0.6 mgPCB/kgww diet for live kit production and
kit bodyweight, the A1254 no effect TRY is 0.5 mg PCRIcg ww diet for live kit production, and the A1242 TRVs
are 1.3 (no effect) to 1.4 mg4gww (tow effect) for live kit production.
The more conservative TRVs of the ones calculated for mink in this effort-no effect of 0.5 and tow effect of 0.6
mg/kg ww diet based on A1254-are recommended for risk assessment purposes to account for die increased
toxicity of PCBs that occurs with bioaccumulation and hophk; transfer (foxkhain transfer fro^
or additive effects of concurrent exposure to co-contaminants that act through the same lexicological mechanisms as
PCBs (Section 62.1.1).

10 The data far live left production fat single-season exposure is supplemented with the results of a singteGophenASO treatment
(12 mg/kg) reported by Kjhbtrom, et aL (1992).

"Maternal exposure for 6 months including pregnancy. In idem means "in the womb", in other wads, before birth.
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52 Chicken Studies
The results of chicken studies are shown in Figures 17-32. Dose-response relationships are evident for hatchability
(Figures 17-24) and chick bodyweight (Figures 25-27). Two dose-response patterns are evident for the effect of
A1242 on hatchability (Figure 18)-one based on 3 studies by two research groups 12(Briggsarri Harris 1972; Cecil,
etaL 1974; 111146,61311974,1975), the olher on 1 study by a third research group ̂ritton and Huston 1973). Each
of these response patterns is separately analyzed instead of attaiiptiiig to dxcse between the research results. An
effect on chick survival is apparent for Al 248, but not other Aroclors at the doses tested (Figure 28). There are no
consistent dose-response relarkjnships fr^ Although trends
are apparent for chick deformities, studies were not performed at obsessunidentlyhightDallcwintenwlationof
ED ,̂ except for the field study using fieM-conraminated reed (Figine 31) (studies
not used for TRY derivation). Only single data points are available for egg concentration arddikic survival for
each of the Aroclors considered in this eflbrt (Figure 32X so ccocxnrratiaHesponserelaticmshrps cannot be
evaluated precluding TRY derivation.
The interpolated TRVs are given in Table 3. Thebodywdght^K)tmalizeddo8eTRVs(mg'kgBW-d)areas
follows: A1242-0.1-0.5 (no effect) to 0.40.8 (tow effect) for hatchability, and 02 (no etfect) to 0.9 (tow efifect) for
chick bodyweight; A1248-0.4 (no effect) to 0.5 (tow effect) for hatchabi%, 02 (no effect) to 0.6 (tow effect) for
chick bodyweight, and 02 (no effect) to 0.3 (tow effect) for chick survival; and Al 254-0.6 (no effect) to 12 (tow
effect) for hatchability.
The interpolated egg TRVs (mg/kg whole egg ww) are as follows: A1242-1.0 (no effect) to 1.5 (tow effect) for
hatchability, and 3 (no effect) to 10 (tow effect) for chkkbc)dywdght;Al 248 .̂7 (no effect) to 1.3 (tow efiect) for
hatchability, and A1254-9 (no effect) to 12 (tow effect) for hatchability.13

Although the lowest TRVs for hen dose are for A1248 and chick survival, little confidence can be placed in the
calculated EDIO or ED^ because the interpolations are performed over a 10-fold dose gradient (Figure 28). Based
on the shapes of the better defined dose-response plots for other endpornts, the inten»lated values are probably
underestimated A similar concern applies to the no effect TRVs for A1242 or A1248 doses and chick bodyweight
(Figure25). Since two dose-response patterns are evident for A1242 and hatchability (Figure 18X the
recommended bird TRVs are based on A1248 and hatchability-0.4 mg/kguw-d (no effect) and 05 mg/kgBw-d (tow
effect) (bracketed by the two A1242 values).

12 Two papas report data from the same experiment (Cecfl, etaL 1974 and Lflbe, etaL 1974).
13 Adverse eflfeds have been reported at whole-egg concentrations greater than 4 mg/kg based on the A1254 study by

Tumasonis, et aL (1973) in reviews by Banon, et aL (1995) and Hoffinan, et aL (1996X which is kwer than Ine egg A1254 TRVs presented
here also based in part on Tumasonis, etaL (1973). TledirferetKxisd]atthetiealnientiespoiBeusedinthepreseiten^isDasedontt£
eflfeds occurring during exposure to PCBs(n^xirnalsi4iptessknofhat±abilityat l(X)irg^ginyoOc). Tumasonis, etaL (1973) also
reported deformities in chicks at yolk concentrations at or above 10-15 mg/kg in the weeks following cessation of exposure to PCBs, which
is the basis for the eflectlevek reported in the reviews. These data were not used in the present effort because the effects occurred alter
cessation of exposure, and quantitative data on deformity rates woe not provided
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For egg TRVs, tire best defined concentration-response plots are for A1242 and hatehability (Figure 22) and A1254
and hatehability (Figure 24), in which interpolations are performed within gradients of 2-fold or less. Although the
egg TRVs for A1242 chick bodyweight are interpolated over a 7-fold concentration gradient (Figure 27), and
combines disparate exposure routes (egg injection and contaminant transfer from exposed hens), the low effect
TRY is very close to die treatment mean based on dosed hens and not significantly influenced by the egg injection
study (the converse is true for die no effect TRV). The egg TRVs for A1248 and hatehability are interpolated over a
7-fold concentration gradient (Figure 23X and therefore are have greater uncertainty than the A1242 or A12S4
TRVs for the same endpoint The recommended egg TRVs are based on the more sensitive of the Aroclors with
well-defined concentratiorHesponse plots, that is, A1242 and hatchability-1.0 (no effect) to 1.5 nig/kg ww whole
egg (tow effect).
6 Uncertainty
Uncertainty is discussed for the method for deriving the TRVs and the application of the TRVs for risk assessment
6.1 TRV Uncertainty
6.1.1 Confounding Factors
An important potential source of uncertainty is associated with combining the results of separate studies together
into aggregated dose-response plots because the studies were not performed under standardized protocols.
Differences in results between studies may have occurred that are not linked to treatment doses for several reasons
including differences in rearing conditions, teed, animal strains, health or nutritional status, age, exposure routes, or
exposure durations. Other possible confounding factors include unsuspected alternate sources of oontamination in
the feed, water, or experimental facility (either to the same chemical being tested or to another unmeasured
chemical), or differences in the composition of the Arcclor batches tested (different lots of the same Aroclor may
differ in toxicity due to fluctuations in the composition of toxic PGB congeners or cci-ccntaminants formed during
manufacture).
The significance of these potentially confounding factors is assessed by examination of the dose-response plots of
the combined studies. Marked deviations from interpretable ck)se-resrxjnse patterns indicate that study results are
incompatible for some reason. An interpretable dose-response pattern is one that is consistent with known patterns
and lexicological theory. The basic pattern is a sigmoid curve in which tow doses have minor effects, higher doses
exhibit increasingly adverse effects, and the effects at the highest doses asymptotically approach maximum
adversity. Two modifications are threshold models, in which increases in dose at tow dose levels cause no
significant changes in response until a threshold dose is reached, above which the sigmoid pattern applies, and
hormetic models, in which doses tower than a threshold for adverse effects show an enhanced (positive) response.
Of the endpoints considered in this effort, only two exhibit uninterpretable dose-response pattems-A1254 and egg
productivity (Figure 29) or fertility (Figure 30). Father A1254 has no effect on egg productivity or fertility (at the
doses tested), or the studies combined into these ptots are incompatible for one or more of the factors described
above. Regardless of the reason, these endpoints are excluded from the TRV process. Chick survival is also
excluded because there are insufBcient data to reveal dose-response patterns for any Aroclor (Figure 32). The rest of
the endpoints of studies performed with commercial PCB products exhibited interpretable dose-response patterns
consistent with one of the models described above, which indicates that the results of the combined studies were not
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significantly affected by confounding factors (with the possible exception of A1242 and hatchabilrty discussed
below).
6.12 Exposure Duration
In addition to the overall screening of interpretabk dose-*esponse patterns, it is also possible to specifically assess the
possible effects of combining studies with different exposure durations or exposure routes. It is not feasible to
exactly match the exposure durations between the studies combined into singte plots. Exposure duration ranged
from 6 to 14 wk for chicken feeding studies (most between 6 and 9 weeks), and from 3 to 10 months for mink
studies performed over a single breeding season. The data are consistent within the range of exposure durations of
the combined studies as discussed below.
The studies combined for A1248 and hatchabilrty have similar exposures durations-8 (Lillie, et aL 197S) and 9 wk
(Lillie, et al. 1974; Cecil, et al 1974; Scott 1977>-and exhibit a consistent dose-response pattern (Figure 19). Three
studies were combined to evaluate the effect of A1254 on hatchabilrty with exposure durations of 6 (Tumasonis, et
al. 1973), 9 (Lillie, et aL 1974 and Cecil, et aL 1974X and 14 wk (Platanow and Reinhart 1973); however, the
relative response plots show internally consistent responses (no obvious duration effects) on the basis of either hen
dose (Figure 20) or egg concentration (Figure 24). This is partly because the shortest duration treatment (6 wk) was
at a high dose that completely suppressed hatchability, but mainly because the results of the 9- and 14-wk studies are
remarkably consistent At first impression, the divergent Al 242 and hatchability patterns appear to be related to
exposure duration (Figure 18). The pattern showing greater toxicity is largely based on 8- to 9-wk durations (Lillie,
etaL 1974,1975; Cecil, et aL 1974X and the one showing lesser toxicity on 6-wk duration (Britton and Huston
1973), except that the data by Briggs and Harris (1972) with 6-wk exposure is consistent with the pattern exhibited
by the 8- to 9-wk exposure studies, and inconsistent with the Britton and Huston study. The divergent A1242
patterns are inexplicable with the available information and therefore are separately assessed. This uncertainty is
reflected in the TRY ranges presented for A1242 dose and hatchability.
All of the mink Arocbr feeding studies were performed over single breeding seasons. Three studies are combined
for A1242 and live kit production (Figure 2) with rounded exposure durations of 5 (Kakela, et aL 2001), 8
(Bteavins, et aL 1980) and 10 months (Aufcrich and Ringer 1977). No and tow effects are bracketed by the
hermetic response at 2 mg/kg ww dietary concentration (Aulerich and Ringer 1977) and complete reproductive
suppression at 5 mg/kg (Bleavins, et aL 1980) with roughly comparable exposure durations. The treatment at an
intermediate dietary concentration (3 mg/kg) has the shortest exposure duration of the combined studies (5 months),
which was terminated at the onset of breeding (Kakda, et aL 2001) in contrast to the other studies, but exhibits a
response consistent with the longer duration studies (in fact, plots close to a direct log-linear line between the other
studies). Again, there is no evidence that die difference in exposure durations among studies has distorted the
conc«nrration-response relationship. Three studies are combined for A1254 and Kve lot production (Figure 3) with
four rounded exposure durations of 3 (Kfliistrom, et aL 1992), 4 (Aulerich and Ringer 1977), 6 (Wren, et al. 1987),
and 10 months (Aulerich and Ringer 1977). Live kit production is almost completely suppressed at all the tested
dietary concentrations of 2 mg/kg or greater (3-, 4-, and 10-month exposure durations). An apparent inconsistency
occurs at 1 mg/kg, with a 6-month exposure study exhibiting hormesis (Wren, et aL 1987) and a 4-month exposure
study showing adverse effects (Aurlerich and Ringer 1977), which are the opposite trends expected based solely on
the respective exposure durations (the data are smoothed at this dietary concentration by averaging the two
responses). However, since reproduction is unsuccessful at 2 mg/kg (the sole live kit in that treatment soon died),
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there is no margin for increasing the A1254 tow effect TRY, that is, it must be less than 2 mg/kg ww diet (for a
single breeding season). The A1254 TRVs might be overestimated (too high) because they are bracketed at the no-
eflfect side by the results of shorter exposure durations (4 to 6 months), that is, greater adverse effects may occur if
mink were exposed to 1 mg/kg for 10 months instead of 4-6 months. The same consideration applies to the tow
effect TRVs for A1254 and kit bodyweight (Figure 5\ which is bracketed by a Kknonth exposure study for severe
effects and a 6-month exposure study for lesser effects. However, a similar disparity in exposure durations of
A1242 studies did not result in an obvious inconsistency in responses.
Two studies are combined for one of die Ctophen A50 endpoints (live kits per mated female), with exposure
durations of 3 (Kfldstrom, et aL 1992) and 6 months (Brunstrorn, et aL 2001) (Figure 7). The responses are
consistent because the single 3-month exposure treatment was performed at a sufficiently high dose to completely
suppress reproduction. Once maximum adversity occurs, there is no scope for further change in response with
increased exposure duration.

In contrast to the generally consistent results of combining single breeding season studies of varying exposure
durations, exposure duration effects are apparent in both of the studies that included continuous exposures over
both 1 breeding season and 2 breeding seasons or 2 generations (Figures 7-10 and 12). The exposure duration was
6 months for die single breeding season treatments in both studies, and was 16 (Restum, et aL 1998) and 18 months
(Brunstrorn, et aL 2001) for females continuously exposed over 2 breeding seasons. The second generation females
were exposed in the womb (6-month maternal exposure) followed by 12 months postnatal exposure (Restum, et aL
1998). The effect may be more pronounced for live kit production and possibly kit survival compared to kit
bodyweight (compare Figures 7 with 9, and 8 or 12 with 10), and appears to be more pronounced for exposure over
2 generations compared to the same adult female continuously exposed over 2 breeding seasons (Figures 8,10,12) .
Since the concentration-response patterns differ for exposures over single versus double breeding seasons or
generations, the data are not aggregated
To summarize, there is no evidence that the range of exposure durations of the studies combined for assessing
effects during single breeding seasons resulted in significant inconsistencies in die dose-response patterns for either
chicken or mink. The A1254 TRVs for mink might be overestimated (too high) because die effect sizes for live kit
production and kit bodyweight are bracketed by shorter exposure duration studies on die no effect side (4 to 6
montiis) as compared to die severe effect side (10 montiis), however, a similar disparity for A1242 showed no
inconsistencies (a 5-month exposure duration treatment is intermediate in both dietary concentration and response to
8- to 10*nonth treatments). However, two studies show that die responses to 6-month exposures during a single
breeding season differ from die responses to continuous 16- to 18-month exposures over two breeding seasons, and
therefore should not be combined into aggregated dose-response plots. Similarly, a study shows that die responses
to exposure over a single breeding season should not be aggregated with die responses of females exposed in utero
followed by 12 months postnatal exposure.

6.13 Exposure Route
The same approach can be used to assess die effect of different exposure routes. The exposure route for all of die
mink studies was die same, that is, through contaminated diet For oral dose to chicken, die exposure route was
contaminated diet with one exo2ptio><onlaminated water in die study by Tumasonis, et aL (1973). The data do not
show an effect related to this difference in exposure media. The response due to exposure to contaminated water is
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consistent with the effect trends of exposure to contaminated diet (Figures 20 and 24). For egg concentration, die
exposure route was through hen dietary exposure except for GoukL, et aL (1997) in which PCBs were injected into
egg yolks. The Gould, et aL study influenced one TRY (A1242 egg residue and chick bodyweightX for which the
egg injection data are combined with a single treatment from a hen feeding study (LilHe, et aL 1974, Cecil, et aL
1974) (Figure 27). In addition to the difference in exposure route, the relative "chick5' bodyweight for GoukL et aL
(1997) is based on 17-d embryos, not on hatched chicks. However, the response trend is reasonably consistent
between exposure routes, or, better put, there is no obvious inconsistency between die response of the two studies,
hi any case, because of the spacing of tie tieatnmtls, the low effect egg A1242 TRY for chick bodyweight is
predominantly influenced by the hen feeding treatment and the no efi%rt TRY by the egg injection study. This
means that the no effect egg TRY for A1242 and chick bodyweight may be less certain in comparison with die low
effect TRY.
6.1.4 Linear Intapolation
The appropriate regression technique is a source of uncertainty tor the EDX procedure becaise the results depend onhow well the doseH^sponse relationship is modeled (Section 3). Mcdd uncertainty in the present effort is
minimized in three ways. 1) Uncertainties related to characterization of conplexdoseHesponserelafonships,such
as threshold or hormesis models, are avoided by linear interpolation of TRVs between the treatments (hat bracket
the selected effect sizes for no and low effects, ft is notnecessary to mathematically represent the entire dose-
response curve to calculate the ED10 or ED ,̂ so long as the overall shape of the dose-resrxxise relationship
conforms with one of the known patterns. Related to this, extrapolation beyond the empirical data is strictly
excluded. 2) The effect sizes (10% decrease from control for no eflfeet,and 25 % decrease for tow effect) are
selected to minimize model dependence (Section 3). 3) The results of linear interpolations are only accepted when
performed within the steep linear portion of the dose-response plots, and, related to diisiestrk^kn, confidence in die
TRYs interoolated between narrow dose gradients is greater (less uncertainty) flian for TRVs interpolated between
wider dose gradients. The Aroctor TRVs for mink are interoolated wifliin 2-fold or less gradients in dietary
concentration (A1242 or A1254 and live kit production, and the low effect A1254 TRY for kit bodyweight). Most
of die bird TRVs are interoolated within 2-fold gradients in dose (A1242 or A1248 and hatchability) or egg
concentration (A1242 or Al 254 and hafchability), and one of die no effect TRVsforA1242doseandhatchabilityis
interpolated over a 3-fold gradient This irrikatesttiat uncertainty related to appropriate diaracterization of the dose-
response relationship is low.

Although die TRVs for Al 254 dose and hatchability are interpolated over a 4-fold gradient, there is low model
uncertainty for die tow effect TRY because it coincides widi one of die treatment means (Figure 20). However,
there is greater model uncertainty for die no effect TRY for Al 254 and hatc^ability because die shape of die dose-
response relaticmship is UTKXH^ over die 4-foWgradienL Similarly, die TRYs for A1242 or A1248 and chick
bodyweight (Figure 25), or A1248 and survival (Figure 28) have high model iincertainty because they are
interpolated over 10-fold dose gradients (although modeling uncsn^tyisappeciabrylessfordielciwenectTRV
for Al 242 and hatchability because die treatment mean plots close to die tow effect size). Despite the apparent
greater sensitivity of chick survival for A1248 (or die no effect TRY for chick bodyweight) compared to
hatchability, die A1248 TRVs are based on hatchability because die mc)deling uncertainty is high for die odier
endpomts.
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To summarize, modeling uncertainty is low for the final TRVs because they are interpolated over narrow dose
gradients within well-defined dose-response relationships.
6.1.5 Adjustment of Mink TRVs for Exposure Over 2 Breeding Seasons or 2 Generations
Another source of uncertainty for the mink TRVs concerns the empirical observations that continuous exposure
over 2 breeding seasons or 2 generations increases the severity of the reproductive effects of PCBs compared to
exposure over a single season, "showing the relevance of long-term exposure for estimation of a LOAEL"
(Brunstrom, et aL 2001). Since the effect has been observed in mink feeding studies both with controlled dosing
with one of the European commercial PCB products and with fiekk»ntarninated fish from a site in the United
States, it is unlikely that it is caused by some unique attribute of the European product or some non-PCB-related
contaminant in the fiekk»otamrnated fish (also, the field-contaminated fish of the latter study were collected at one
time, homogenized, and stored for use throughout the study, so co-contaminant levels did not vary between
breeding seasons). This indicates the increased toxicity of PCBs to mink with continuous exposures over multiple
breeding seasons or generations may be a general characteristic of PCBs, with implications for long-term
occupancy of contaminated sites.
The potential for increased PCB toxicity with extended exposure is relevant for assessing the long-term suitability of
habitats for mink because the estimated longevity in the wild is 3 to 6 years, with maximum longevity of 8 to 12
years during which mink are fecund for 7 or more years (Chapman and Fddhamer 1982; Merritt 1987).
Unfortunately, mink Aroclor studies have only been performed for single breeding seasons and single generations,
so there is uncertainty in either accounting for or ignoring the increase in toxicity associated with exposures over 2
breeding seasons or 2 generations in other studies. If excluded, a habitat remediated on the basis of single-breeding
season TRVs may allow for unimpaired mink reproduction during the initial year of occupancy, but not in
succeeding years or generations of continued occupancy. The net effect would be that only transient mink would
have unimpaired reproduction, but not resident mink that remain in the same locality through multiple years or
generations, fn other words, the habitat might remain a population sink in which the presence of mink would
depend on regular immigration from other areas. If the increase in toxicity related to exposure over multiple years or
generations is recounted for by adjusting the single-season TRVs, reproductive impairment by PCBs would not be
expected in mink regardless of residence time or number of generations at the site. The uncertainty in this scenario
is in determining the appropriate adjustment to Aroclor TRVs when the empirical data are limited to Clophen A50
and field-contaminated fish.

The uncertainty in not making this adjustment would be low if the difference between the effects of exposures to 1
versus 2 breeding seasons or generations was relatively small. However, the study with Clophen A50 showed
large decreases in the proportion of females giving birth (57 % decrease in whelping frequency) and the number of
live kits per whelped female (47 % decrease) compared to exposures over 1 breeding season (Bmnstrom, et al.
2001), so that only one-fourth of the number of live kits were produced per mated female in the second breeding
season compared to the first (Figure 7). The Restum,etaL(l 998) study with fiektccntamrnated fish showed
similarly large effects for live kit production (Figure 8) and kit survival (Figure 12\ as well as a pronounced effect
on the bodyweight of kits whelped by 2nd generation females (themselves expc^wM«en>arrirx)stnatally) much
greater than the effect on kit bodyweight due to exposure to adult female mink over either 1 or 2 breeding seasons
(Figure 10).
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The weight of evidence indicates that the uncertainty associated with excluding an exposure duration or
generational effect may be high, that is, potentially severe adverse effects may be overlooked However, there is a
large range in the ratio of 2-season or 2-generation exposure-based TRVs divided by 1-season exposure TRVs fix-
the various endpoints reported in the two studies, from less than 03 to 0.9 (Table 2\ which means that selection of
an adjustment factor for Aroclor TRVs is correspondingly uncertain. Although the ratios are lowest tor rive kit
production (O3-0.4) and kit bodyweight of 2*generaticiKxposediemak«(0^
mink Aroclor TRVs, the approach taken in this efibrt is to use the mean ratb of aU the endpointsibr which low
effect TRVs cc<& be ukulated (mean of 0.52, n=7). The mean ratio shouH have towa uncertainty compared to
ratios selected from either end of the range, and is therefore used to adjust the rnink Aroclor
Aroctor-specific data
Fcrc«rpirisc«,tte mink TRV for the GUwa^
(Aulerich and Ringer 1977), which was converted to aNOEC of 02 mg4cgbydivkringbyaninicertainiyiktorof
10(USEPA1995a). These values bracket tJie mink A1254 TRVs derived in this effort. The low effect dietary
TCVof0.6n^/kgissigni&2nt]ykwathan2m
resulted in complete reproductive suppression, therefore the actual lowest dietary oxicen^
onset of adverse effects is expected to be lower than 2 mg/kg. Since thsLOBC resulted in severe effects, the
NOEC for the GLI (the sole basis for decision-making in flie GLI effort) was cciiservatrvdy estimated by using a
large uncertainty factor, which resulted in a value sornewiiat lower than the no effect dietary TRY of 03 mg^
based on long-term sustainability. This comparison indicates that an appropriate level of conservatism was used in
the GLI effort in estimating a no effect level from less than ideal toxicity data, and that the TRVs derived in this
effort are reasonably consistent with the GLI even though the Y>ahies are adjusted to account for the observed
increase in toxicity with continuous exposure over multiple years or generations.
6.1.6. Endpoints and Effect Size
Consistent with the guidance for ecological risk assessment in the Siiperfund program (USEPA1997X the
toxicotogical endpoints included in this effort are one that awldinTrjactpofxiMons-^vekitprodiidion,kit
survival, and kit bodyweight for mink; and hatchability, deformities, chick survival, and chick bodyweight tor bmds
(bodyweight is an indicator of the potential for long-term survival). The main uncertainties with the toxicotagical
endpoints relied on for the TRVs are that data are insufficient for fully evaluating aU of trie ojnsick^endpoir^ for
example, kit or chick survival might be a more sensitive endpointlhan live kit produ^kmcrhalchability.ar^
are sparse for other endpoints that could impact rxjpiilaricfls, such as irrnnune system eff
other somatic effects that could impair performance of essential activities such as mating, rearing, hunting, evading
predation, migrating, orcompeting with other species. A possible field example involves Caspian tern exposure to
PCBs at Saginaw Bay, ML Although productivity did not appear to be affected by eqwsures, elevated plasma PCB
level was associated with decreased return of adults to the colonies, suggesting a possible effect OT survival (see
discussion and references in Hoflrnan, et aL 1998). The possibility that other endpoints might be more sensrtiveor
result in greater overall impact in the field compared to the endpoints used for TRVden\^on in this erfort (live kit
production, kit bodyweight, and hatchability) is an iMtatyrng uncertainty.

The effect sizes used in this effort are chosen for pragmatic reasons^ minimize model dependence, approximate
the power of well-designed toxicity studies, and maintain general oinsisterxy in apprc^vvith other regiilatory uses
of toxicity test data (Section 42). The main uncertainty with the effect size selection is that they are not linked to
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population models, that is, the effects of 10 or 25 % decrements in hatchabirity, five kit production, or kit
bodyweight on local populations are not explicitly modeled. There is uncertainty in both drrections-a 10 %
decrease may result in larger impacts than appropriate for a no effect level, or a 25 % decrease may not result in
discernible impacts. As discussed in Section 42, this uncertainly is low because of the very steep slope of the dose-
response relationship between no effects and severe effects-mosdy separated by less than 3-fold gradients in dose or
dietary concentration. Since population modeling is irrelevant for either zero impacts or 100 % adverse impacts (the
local population will not be impacted by exposures that do not affect individuals, but is clearly not sustainable when
reproduction is completely suppressed), modeling could only influence the TRVs within the 2- or 3-fold gradient
between the extremes in response.
Such modeling for mink or bird populations would itself have large uncertainty associated with it There are
multiple sources of uncertainty in modeling or measuring population responses to stresses (Lester, et aL 1996;
Power, 1997; NRC 1998; Rose 2000; Forces, et aL 2001; Shea and Mangel 2001; Tyre, et aL 2001). A significant
uncertainty in choosing effect sizes based on population models is that "simple, general, a priori predictions are not
feasible" even with knowledge of life history dynamics and how fife history traits are affected by toxicant exposure,
because of the large number of factors influencing the outcome (Forces, et aL 2001). Uncertainty is further
increased because exposure to new stressors can change which population traits most influence population growth
rates (referred to as 'Vital rates"). This means that identification of sensitive population traits with prospective
demographic studies (prior to exposure to stressors) does not refiabry predict which population trait is most
important for population impacts following exposure (Cooch, et al. 2001 and references).

"[T)he vital rate which contributes most to the observed variability in fife histories is not
necessarily the one to which life histories are most sensitive (which is revealed by the
prospective analysis), nor the one that will necessarily make the biggest contribution to
variability in another environment This is especially true in wild populations, where natural
selection is likely to minimize variation in those parameters to which population growth (i.e.,
fitness) is potentially the most sensitive, such that observed variation in growth over time might be
reasonably expected to reflect changes in one or more of the parameters to which growth is less
sensitive." [citations omitted] (Cooch, et al. 2001).

Exposure to toxic chemicals not only "switches the sensitivity of [population growth rate] to changes in vital rates",
but also "increases the sensitivity of organisms to stressors that affect vital rates other than the ones that have been
affected by the toxicant" (Kammenga, et aL 2001). An additional uncertainty in identifying sensitive population
traits is that the results depend on both the spatial and temporal scales of the assessment (Power 1997; Rose 2000).
These considerations mean that there is large uncertainty in applying general population models, and significant
uncertainty may be associated even with species- and site-specific models because contaminant exposure may
change the interactions between the various population traits and population growth, that is, the pre-exposure
demographic model may not apply to post-exposure conditions.
Since the PCB dose-response relationships show a narrow range between the onset of adverse effects and
maximum severity, the uncertainty associated with population modeling to refine the choice of effect size for
determining TRVs is considered excessive relative to the constrained range over which the TRVs can vary.
62 Application Uncertainty
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There are several sources of uncertainty associated with the application of the TRVs to field situations. In addition
to the usual uncertainties of extrapolating from laboratory studies to field conditions, and, in the case of the bird
TRVs, extrapolating between species, there are additional uncertainties associated with measuring PCBs as Aroclors
in environmental samples, or measuring or estimating TEQ, and their use in risk assessments.
62.1 PCBs and Risk Assessment
Porychlorinated biphenyls (PCBs) are not a single chemical, but are mixtures of large numbers of different
chemicals based on a common structure-a biphenyl "frame" with variable numbers of chlorine atoms attached to it
Each different arrangement of the number of chlorine atoms and their spatial position on the biphenyl is a separate
PCB chemical, referred to as a "congener". There are 209 possible PCB congeners, each with sfighdy to very
different chemical, physical, and toxicobgical properties. The complex mix of congeners with differing properties
presents several challenges for assessing die risks of PCB exposures.
First, the toxicity of PCBs is caused by a subset of die congeners. The best understood subset is die dioxin-fike
congeners that act wholly or in part through die same mechanism as dioxin (Van den Berg, et aL 1998). The
dioxin-like congeners, often referred to as "planar" or "coplanar" congeners, are capable of binding with die same
cellular protein-aryl hydrocarbon receptor (AhR)-that binds with dioxin in die initial step of a cascade of
interactions leading to expression of toxic effects. However, some of die non-coplanar, non-dioxin-like PCB
congeners or their metabolites also have toxic effects through separate toxic mechanisms that are not as well
understood (Fisher, et al. 1998). Some of die coplanar congeners may act through multiple pathways, that is, they
may contribute to both dioxin-like and non-dioxin-like toxicity. The combined toxicity of die dioxin-like
congeners can be estimated through a toxic equivalent (TEQ) approach (described below), but, at present, there is no
comparable approach for estimating die combined effect of non-dioxin-like congeners.
Second, each of die different commercial PCB products are comprised of different proportions of congeners,
which means that die toxicity varies for die different Aroclors, for example, A1242 is more toxic than A1260
because A1242 has a higher proportion of dioxin-like congeners. The uncertainty related to differences in
congener composition between Aroclors is addressed in this effort by separately assessing the toxicity of each
Arcclor. The toxicity of a European product (Clophen) is assessed separately from American products (Aroclors)
for die same reason.
Third, once released into die environment, die differences in die chemical and physical properties of die congeners
result in differences in their fate and transport, that is, in their persistence, how they move through die
environment, and in which components tiiey are Kkery to accumulate in greater concentrations. For example, die
bwer chlorinated congeners (ones with few chlorine atoms) volatilize (evaporate), solubilize (partition to water), and
degrade more readily so they tend to decrease over time, while die heavier, more chlorinated congeners are less
volatile, less soluble, often less readily degraded, and therefore are more persistent in die environment Conversely,
under anaerobic conditions (without free oxygen), some of die higher chlorinated congeners may be more readily
degraded tiian lower chlorinated ones. Therefore, congener composition of PCBs in die environment can change
over time, a process described as ''weathering". The congener composition may also be altered as PCBs are passed
through foodchains, that is, die congener pattern retained in animals may differ from die pattern in dieir food. The
changes in congener proportions mean that die toxicity of PCBs in die environment differs from die toxicity of die
source Aroclors depending on die type and degree of weathering and bioaccurnulation.
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62.1.1 Aroctor-based Risk Assessment
The original toxicity testing of PCBs was performed with commercial Arockxs, with the results presented in terms
of Anxk* dose OT concentration. An advantage of the Aroclor approach is that studies show the combined effects
of all die lexicological modes of actions of the various congeners (both dioxm-Kke and non-dbxin-Hke) and
manufacturing impurities, and their net interactions (acklitive, synagjstic, and antagonistic). This means that, for
exposures to tested commercial PCB products that have not been significantly weathered, there is little uncertainty
related to multiple toxic mechanisms or interactions among congeners or other co-contaminants formed in the PCB
manufacturing process. Also, there is a large ecotoxicological database for Aroclor effects.
The main uncertainties of Aroclor-based risk assessment are related to the changes in congener composition
following release to the environment (weathering and bioaccumulation), which can affect measurements of PCB
levels and estimations of risk. Various methods have been used to determine the amount of PCBs in a sample as a
concentration of an Aroclor or a mix of Aroclors (summarized in Eiskr and Belisle 1996). Uncertainty is
introduced because the congener composition of environmental samples may differ from that of any particular
Aroclor or combinations of Aroclors, which results in larger variability in analytical results between laboratories
than is usual for other chemical analyses. In formal terms, measurement error is larger for Aroclor analyses
compared to congener-specific analyses.
Changes in congener patterns also can affect toxicity. Loss of lower chlorinated congeners to volatilization or
degradation can increase the proportional dioxin-like toxicity of the remaining PCBs because many of the cKoxin-
like congeners are persistent Anaerobic degradation may reduce toxicity due to higher chkxinated dioxin-like
congeners, although die products may also be toxic (e.g., Ganey, et aL 2000). Foodchain transfers may increase the
toxicity of the PCBs retained in organisms (see references in Lugwig, et aL 1996). For example, the
biomagnification factors (BMP) for dioxin-like congeners are twice as high as the BMFs for total PCBs in
zooplankton or Mysis (a freshwater invertebrate) feeding on phytoplankton, or Diporeia (another invertebrate)
feeding on Mysis (Trowbridge and Swackhamer 2002). This preferential biomagnification increases the toxicity of
the PCBs in the organism relative to the source PCBs because of the increased proportion of dioxin-like congeners
accumulated i- their tissues. Since the organisms in this example are representative of the base of an aquatic
foodchain, the altered pattern with increased toxicity will be passed to animals feeding on zooplankton or aquatic
invertebrates. This is evident in one study of animals that feed on plankton, the sediment-to-biota BMP for
bioassayed TEQ was 10 times greater than the BMP for PCBs (Jones, et al. 1993). There is inconsistent evidence
for preferential bicmagnification of dioxin-like congeners by piscivorous (fish-eating) fish (Jones, et aL 1993;
Metcalfe and Metcalfe 1997), but marked preferential biomagnification of dioxin-like congeners has been reported
in some studies of piscivorous birds (gulls and cormorants) and mammals (otters) (Kostowski, et aL 1994; Guruge
and Tanabe 1997; Leonards, et aL 1997). In general, risk assessments based on the original source Aroclor are likely
to urKlerestirnate the risk of bioaccumulated PCBs (Ludwig, et aL 1996; Giesy and Karman 1998).
Another potential source of uncertainty in Aroclor-based assessments is that total risk in the field may be
underestimated because the approach does not readily allow for combined assessment of the effects of PCBs and
additional contaminants with the same lexicological mode of action. For example, contributions to dioxin-like
toxicity may be made by dioxins, polychlorinated dibenzofurans, and other chemicals in addition to PCBs. The
source of the additional chemicals may be from the same facility that released PCBs or from separate sources
(either local or distant through atmospheric transport). Regardless of the sources, the presence of additional
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chemicals with dioxin-like activity in the field reduces the amount of PCB exposure that can be tolerated by
wildlife in comparison to controlled exposures to commercial PCB products in captive animals not
simultaneously exposed to additional dioxin-like chemicals.
62.12 Dioxin Toxic Equivalent-based Risk Assessment
Another approach for assessing the risks of PCBs is based on the total dioxin-like effects (TEQX either calculated
from congener-specific analytical data or measured by in wfrr? bioassays. Sorne advantages of these approaches are
that they are not subject to the analytical uncertainties related to die potential mismatches between Aroclcr standards
and weathered PCBs, they facilitate assessment of die combined toxidty of dioxin-like PCB congeners and other
dioxin-like contaminants, and TRVs can be based on studies of any chemical with dioxin-like toxidty when die
results are given as TEQ Cm contrast to Apoclor-specific results, which can not be generalized to other dioxin-like
chemicals).
The main uncertainties associated with the currently available TEQ approaches for risk assessments are related to
die methods used to determine the TEQ, and die potential significance of non-dioxin-like effects.
One TEQ approach is based on congener-specific analytical data in which die concentration of each dioxin-like
congener is multiplied by its toxic equivalency factor (TEF), die fractional toxidty of that congener compared to
23,7,8-TCDD, which are summed for all dioxin-like congeners to give die toxic equivalent concentration (TEQ).
By this approach, TEQ represents the concentration of die most toxic dioxin congener that is expected to equal die
potency of die mix of PCB congeners in die sample. The approach permits inclusion of additional chemicals with
dioxin-like potency such as polydilorinated dibenzo-^Ktioxins and polychlorinated dibenzofurans.
An obvious source of uncertainty are the TEF values. The current consensus TEFs are "order of magnitude
estimates of die toxidty of a compound relative to TCDD" based on a tiered evaluation of the relative potencies
(REPs) reported in a variety of studies (Van den Berg 1998). The order of magnitude estimate is an "illustration of
die overall uncertainty in TEF values based on die differences in outcomes of die different end points and the
variation in available data tor the different congeners" (van Leeuwen 1999). Another indication of TEF uncertainty
is die difference in TtF schemes by different groups and at different times, which also limits the usability and
comparability of TEQ studies unless die full congener data were reported so that results can be converted to a
common basis (Dyke and Stratford 2002). Another source of uncertainty is the additivity assumption in the TEQ
calculation. Although dose additivity is supported by many studies (Van den Berg 1998), non-additive interactions
also are reported. These uncertainties are believed to be less than die level of uncertainty associated with Aroclor-
based assessments, supported by examples of good correlations in practice between TEQs and toxic effects (Van
den Berg 1998; van Leeuwen 1999; Bimbaum 1999; Tillitt 1999), however, caution has also been expressed for die
use of the TEF approach for PCBs based on "nonadditive interactions, coupled with die unusually broad range of
TEF values observed for some PCB congeners" (Safe 1998). An uncertainty related to analytical issues is that most
of the dioxin-like PCB congeners occur in very low concentrations, which means that measurement errors of
congeners with high TEF values will be magnified in TEQ calculations. An extreme example in a recent study is
unuseable analytical data for congener 126 due to interference (Trowbridge and Swackhamer 2002). Since
congener 126 is often one of die greatest contributors to die TEQ of PCBs, die calculated TEQs of this study are
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underestimated and inappropriate fir risk assessment purposes.14 Since die Tths for different dioxin-like congeners
vary by several orders of magnitude, small measurement errors tor Wghly potent cxaigeners can result in large errors
in TEQ calculations. Another uncertainty is that TEFs are not prraendy available IOT all chemkalswiSi potential
dioxin-like activity, although TEFs are available fix the ones shown to alccountfiy trie rnajorhy of the dbxirhlifce
toxicity in intact animals.
Another approach for determining TEQs is by in vitro bicassays. in which titt response of cultured ceU lines
exposed to dioxiri-likechemkak is measured An advantage of thebioassay approach is that ft provides an
integrated treasure of the effects of atittecn^
interactions (additive, synergistie, arri antagonistic). Interactions can occur between dioxin-like chemicals or with
rornfoxin-likediemicals fiat nxriu^ Themainurcertairitiesarerela^tointei^ecific
differences in cell responses, and issues involved in extrapolation of effects in isolated (^ to irî  Cells
of different speties show differences in î ^ For example, at high doses,
PCB congener 52, one of thedi-artfo-substituted congenersl5, inhibits cellular responses to dioxin or dioxin-like
PCB congeners in bioassays performed whh mouse and rat cell lines, but rtotwitti guinea pig or human cell lines
(Aarts, et al. 1995). Tnis means that the presence of di-ort/K>«ubstituted congeners in Airck^
TEQ measured in bioassays performed with cultured mouse cir rat c«U lines (reportedly by as much as 2 orders of
rnagriitude in comparison with a cafailate^ 1995), but not
in bicassays performed with cultured guinea pig or human cell lines, In addition to measurement uncertainties
related to interspecific differences in cellular responses, there are uncertainties related to extrapolation of in vitro
responses of isolated cellcuitures to invivo16 responses of intact animals. One of the advantages ofbioassays-an
integrated response to direct administration of complex errvirormenlal mixtures to rells-alsom
because the dosingdoes not reflect the phamiacc4drietics17 in intact anirnak Although rnanydiemicals are capable
ofbinding with the Ah receptor, their ability to cause dioxin-like toxicity also depends on their phannacc4tinetic
behavior, for example, how rapidly they are metabolized (degraded) (Bimbaum 1999) or distribution patterns within
an animal (tor examples of species dirrerences in PCB distnT>ubcm among organs see Bachour,etal. 1998). Invitro
bioassays may therefore show responses to chemicals that have little or TO effect in intact animals.

'In summary, a single in vitro assay based on a single surrogate species may not accurately
predict the toxicity of a chemical or complex mixture following exposure to other species.

14 The purpose of this particular study was to investigate the transfer of 1KB omgeros through selected trophic fcvcls in an
aquatk; ecosystem, for which the loss of data for a singtedkjxir^^ However, a similar data gap would be
unacceptable for a risk assessment

15 Dk>rtfa>-5ubstitLited congenexs ria\/e 2 c l̂odne a^
"Same" together, with variable numbers of chlorines attached at otherposifens. The 2 ortto chlorines prevent these congenere !rom taking
on the planar configuration necessary for activating (he Ah receptor, and teeftrclhey do not exWbit dioxin-like toxicity, but, at higTi
concentrations, inhibit (he Ah receptor (with varying efficiency in different species) so ttiat it ttecxxtieskssiespcifihc to dkixin-like
congeners.

16 In vivo means "in the living", and refers to expaiinenk performed with intact living organisms.
17 Pharmacokirjetics refer to the rates of various processes that affetthenTJv^rrerSandfc^mofchenTicakinlivir^ciganisrns

including uptake, distribution, binding, biotransforrnabon, and elimination.
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Nevertheless, die use of in vitro assays provides a general tool as a prescreening method of TEQs
in environmental samples. However, it does not replace in vivo experiments when determining
TEFs for dioxinlike compounds." (Van den Berg, et aL 1998).

Another source of uncertainty for TEQ-based risk assessments is that the current approach does not include non-
dioxin-like toxicity (by definition). Non-dbxin-Hke toxicity, that is, toxic effects not mediated by the Ah receptor,
may be induced by non-coplanar PCB congeners (Fisher, et aL 1998), or biotransforrned PCB products such as
hydroxylated metabolites (Schuur, et aL 1998) or mdhvbulfbnyl metabolites (Johansson, et aL 1998). The
uncertainty would be low if the thresholds for non-dioxin-like effects are lower than for dioxin-like effects, in which
case assessments based on dioxin-like effects would be protective for all adverse effects. A comparison of the
available data on non-AhR-mediated neurotoxkatyl8 and dbxirhlikeentcts in wildlife indkated that the dbx^Kke
effects are more sensitive endpoints (Giesy and Karman 1998). Although encouraging, the comparison is
proviskjnalbecaiise the neurotoxk; effects are
include endpoints other than neural effects, and some endrx)irte may be afi%^ through both AhR-mediated and
non-dioxin-like pathways. For exarrple, thyrdd function may be affected by both pathways. In one study, the
relative potency of different extracts in depressing serum levels of diyroxine (the main thyroid homione) in rats was
not well predicted by TEQ. An air extract proportionally enriched in bwerchlonnated congeners and depleted in
higher chk«inated congeners, dioxins, and dflxnzofurar^
same TEQ concentrations as soil or dust extracts with the cc«rveree congener compositions (Figure 2A inn and
Hansenl996). Although in rr»st situations, TEQ-based assessrnents show good correlations with toxic effects and
appear to provide an adequate margin of safety for non-dioxin-like effects as well, the potendal for non-dioxin-like
processes remains an uncertainty until our iinderstandlng of non-AhR-mediated pitx^sses improves.

"The spectrum of activity produced by [non-coplanar] omgeners has rot been tUlly explored, and
the mechanisms by which their known actions are produced are ernerging but remain to be fully
elucidated The toxiccriynamic interactions between non-coplanar PCBs and the actions
produced by coplanarPCBs which bind to the Ahreceptor remain to be investigated Similarly,
the actions and interactions ofhydroxylated and other metabolites of PCBs remain to be studied in
sufficient depth. At the present time, itis clear that non-coplanar PCBs alter signal transduction
pathways and interrupt rntracellularCa2+horneostasis. A common site of action responsible for all
of the actions of non-coplanar PCBs, analogous to the Ah-receptor utilized by coplanarPCBs, has
not been found..." (Fisher, et aL 1998).

In summary, the two major approaches for PCB risk assessment have converse strerigths and uncertainties. For
Aroclor-based approaches, uncertainties are tow for inleractkms between cciigeriers and miiltiple toxic
mechanisms, but uncertainties increase as the congener composition of environmental samples is altered from the
original Aroclor composition by weathering or bioaccumulation. The Aroclor approach does not readily allow for
assessment of combined risk of PCBs and other chemicals with dioxin-like toxicity. For the currently available
TEQ-based approaches, results are not affected by weathering, but uncertaMes are associated with TE^
addrtivity assumptions for calculated TEQs, interspecifo differences in cellular re
extrapolations for bioassay TEQs, and an inability to account for nornfioxin-like effects. The TEQ approaches

18 The situation is complicated by possible neurotoxicity caused by dwxirhlike congeners as vveD as non-cfoxin-likEcongenas.
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facilitate assessment of combined risk of PCBs and other chemicals with dioxin-like toxkity, ahhough uncertainty
remains for calculated TEQs by die limited number of consensus TEFs (risks may be underestimated due to dioxin-
like chemicals without TEFs), and for bioassay TEQs by toxicokinetic considerations (risks may be overestimated
by cellular responses to chemicals that would not cause toxicity in intact animals).
622 Interspecific Extrapolation and Laboratory-to-Field Extrapolation

Extrapolation of toxicity data from tested species to wildlife is another source of uncertainty in TRVs that includes
two categories-extrapolations between different species, and extrapolations from laboratory conditions (captivity) to
field conditions.19 There is no interspecific extrapolation for niink because the TRVs are based on studies of captive
mink, but the difference betwem conditions in captivity and in trie wild is a sounx of xmcertainty. Both categories
of uncertainty pertain to the bird TRVs, which are based on studies of captive chickea
Captive animals are well fed, .do not have to compete for resources, are less active^ usually protected from weather
extremes, and in general are subject to less stress compared to wild animals.20 The toxicity of a tested chemical is
often greater in stressed animals, for example, in a review of fish toxk%, nutritional status altered die relative
toxicity between laboratory and field situations by as much as 10-foH, and teniperature stress by as much as 100-
fold (Heugens,etaL 2001). Stressor interactions are often nonlinear, ccn^Hratinglheir assessment (Power 1997),
andmay involve complex interactions. The adverse effects of PCBs on stress responses were increased by poor
nutritional status (Quabhis, et al. 2000), which implies that a synergjstic interaction of PCB exposure and nutritional
stress could decrease die capability to respond to additional stressors. Kammenga, et al. (2001) discuss examples in
which exposure to toxic substances increases sensitivity to other enviromrental variables such dial die exposed
population becomes more vulnerable to changes intheseother variables than to the direct toxicant effects. Anodier
difference between captive and wild animals is that wild animals are exposed to a wider variety of toxic chemicak
In addition to interactions between stresses due to chemicals with din%enttoxia»k)gi(^artkxis,wiH animals may
be exposed to chemicals that act though die same toxkological mechanisms as die chemical of concern, thereby
increasing die toxicity of a given level of exposure compared to captive animals widi controlled exposures. Otiier
endpoints might be more sensitive or result in greater overall impact in die field compared to die endpoints studied
under controllr-i conditions (Section 6.1.6). Related to this, laboratory studies are usually not performed over an
entire life cycle, and effects in the field may differ from those in laboratoiysttKliesberause of cumidatrve effects,
greater sensitivity at other developmental or life stages than die ones investigated, or interactions between
generations (for example, impaired parental care).

An example of greater adverse effects in a field study than expected from laboratory studies on related species is die
high sensitivity of wood ducks to egg TEQ concentrations in die field-significant reductions in hatehability and live
duckling production occurred at egg TEQs of 20-50 ppt (White and Seginak 1994; White and HoflSnan 1995),

19 Anothersouice of uncertainty for risk assessment involves the exposure assumptions. This is not addressed here because it
does not affect the TRY values. For example, risk in the fietirray differ fiom modeled risk because the wikffife are feeding on a different
mix of food items or in ofter locations than assumed in the model that results mdiffeienixsbetvv«nfiekl and nxioTeledejqxKures.
However, exposure uncertainty concerns whether the TRVs have been or are likely to be ewxsded, not fte particular values of te TRVs.

20 This may not hold for species that can not tolerate captivity, that is, the stress ofbeir^cxMfinednHyourwdgh the reduced stress
ofbeing cared fix, but species intolerant of captivity can not be used for toxicity testing.
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which are comparable to the sensitivity of chicken-onset of embryonic mortality and deformities at 10-20 ppt dioxin
egg concentration (Verrett 1976 as cited in Hoffinan, et aL 1996), and LO^ (lethal dose to 50% of embryos) of
122-297 ppt (Henshel,etaL 1997). This outcome would not be expected on the basis of laboratory studies with
other ducks, which show much less sensitivity to PCBs compared to chicken-^JDso of 3^ ppb congener 77 (one
of the dioxm-tike congeners) in chicken eggs, but no effects in mallard or gokkneye duck eggs at 5000 ppb
congener 77 (various studies, see Table 3 in Hoffinan, etaL 1996); are! reduced hakiability at less than 1 ppm
A1242 in chicken eggs, but no effects on natchabflity at 105 ppm A1242 m mallard eggs (various studies, see Table
2 in Hoffinan, etaL 1996). Based cm these laboratory ccnparisons,dufe are at least 1001^
chicken to PCBs and dioxin-like effects. The unexpected sensitivity of wood ducks in the field may have occurred
because of differences among duck species (wood duck may be orota of magnitude mcce sensitive than mallard or
gokfcneyeX unmeasured co-contaminant exposure contnlxitirig to toxidty in the f^stressor interactions nrt
present in captivity, cr exposure duration effects. Another example involves adverse effects on terns in the Great
Lakes (see discussion in Hoffinan, et aL 1998).
The sensitivity of different bird species to PCBs spans several orders of magnitude, and chicken are the most
sensitive of the species tested to date (Bosvdd and Van den Berg 1994; Banon, et aL 1995;EslerandBetisle
1996; Hoffinan, et al. 19% and 1998). Use of chicken-based TRVs is inappropriate when species-specific
toxidty data are available, and is generally considered inappiopn^ when data are available for ctosely related
species (although the available toxkaty data for ducks poorfy predicted field effects for wood duck). The chicken-
based PCB TRVs are recommended as a conservative estimator of risk for birds of unknown sensitivity to PCBs.
Since chicken are more sensitive than other bird species tested so Ik, the likelihood of chicken TRVs under
predicting risk for other species of unknown sensitivity is probably bw,tr^re^bre use of urK^rtaintyfectors for
interspecific extrapolation is not recommended. Although the same rationale indicates ttiat chicken data for PCB
toxicity is Hkery to overestimate risks to PCBs for other bird spedes, the wood duck exanpte shows that this is not
certain-the margin between laboratory effect levels in chkienarrifieM effect teveb in other species may be
unexpectedfysmalL Also, PCB or dioxin toxicity has been studied in a relativefysmaUniimberofbird species
under controlled conditions. White the extremes of sensitivity are known to widely diverge, the overall
distribution of species sensitivities within this range is poorly known.
The degree of conservatism of applying unmodified chicken-based PCB TRVs to species of unknown sensitivity
can be evaluated by comparison to the bird PCB TRV used in the Great Î es Initiative (GLI) for deriving water
quality criteria for the protection of wildlife (USEPA 1995a). The GLJ PCB TRV for birds is based on a LOAEL
of 1.8 mglcgew-d in pheasant (Dahlgren, et al 1972X which was divided by an interspecific extrapolation
uncertainty lactec of 3 and a LOAEL to WAa Therefore the calculated LOAEL for
species of unknown sensitivity was 0.6 mg/kg^-d and the NOAEL 02 mg/kgBw-d (onty the NOAEL was used for
derivingthe water quality criteria). These values bradoet the recommended TRVs of 0.4 to 0.5 mg/kge^rd based on
chicken PCB TRVs without uncertainty factors. This comparison denxmstrates that the coraeivatism of chicken-
based PCB TRVs is consistent with that of pilous agen^
protection of wildlife.
In simrnaiy, the bird TRVs prcf»sed in this effort provte
to species of unknown sensitivity to PCBs. The TRVs are unlikely to underestimate risk. By design, they are more
likely to overestimate risk, which is a necessary bias for accounting for the uncertainty regarding the sensitivity of
untested species. Although interspecific differences in PCB sensitivity span several odeis of magnitude, indicating
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potentially large uncertainty in assessing risk to untested species, die degree of conservatism associated with die
TRVs in die present effort is consistent with prior agency practice.
There is no interspecific extrapolation for the mink TRVs, but uncertainty is associated with laboratory to field
extrapolation. Trie uncertainty of laboratory to fieU extrapolations is d^
underestimated, rather than overestimated, for die various reasons discussed above. For Aroclor-based risk
estimates in particular, a common observ^on is tiiat toxicity is imderestrmated This may be due to preferential
biornagrrification of toxic congeners that increase toxkaty compared to the source Aroclor, exposure to other
contaminants that either act through die same lexicological mechanisms as PCBs, thereby decreasing the amount of
PCB exposure that can be tolerated without adverse effects, or acting as separate tat additional stressors; or other
non-chemical stressor interactions. These sources of uncertainly are addressed by the recommendation to use the
lower of the derived TRVs.
As discussed in Section 6.1.5, the recommended mink TRVs are reasonably consistent with die value used by die
GLJ for calculating water quality criteria for protection of wildlife.
7. Conduskms
This effort demonstrates that toxkaty reference values (TRVs) can be successfully derived through evaluation of
dose-response plots in which data are aggregated from multiple studies by normalizing the treatment responses by
die respective control responses of each study. The combined data sets better define the shape of dose-response
relationship by increasing die number of doses plotted, thereby providing more information for decisiorHnaking
compared to statistically-defined no or lowest observed adverse effect levels (NOAELs or LOAELs), which are
influenced by multiple factors unrelated to toxicity and do not provide dose-response information. Although
uncertainties may be introduced by differences in the experimental protocols of die various studies diat are
combined, such as differences in exposure duration or route, significant effects are readily apparent as
inconsistencies in die dose-response plots.
The results of this exercise show that dose-response plots are not highly sensitive to moderate differences in
exposure duration. The few differences in exposure route among the aggregated studies also did not result in
obvious distortions of doso-response relationships (contaminated food vs. contaminated water, or egg injection vs.
maternal transfer to eggs). In the cases in which dose-response inconsistencies are apparent between study results,
die data can be stratified (considered separately) for analysis if multiple patterns are evident, or that endpoint can be
dropped from further consideration if die data exhibit no interpretable pattern. In other words, die dose-response
plots provide tiieir own safeguard against utilization of incompatible data by exhibiting divergent patterns or
uninterpretable relationships inconsistent with known lexicological models.

The dose-response plots exhibit very steep transitions between PCB exposures causing no adverse effects and those
resulting in severe adversity-mostly less than 2- or 3-fold gradients in dose or dietary concentration between the
response extremes. This has two implications: 1) small exceedances of PCB TRVs are likely to result in severe
effects on reproductive success, and 2) die calculated PCB TRVs are relatively insensitive to die choice of effect size
(die percent decrease in response that is of concern for risk management) because die range of values over which the
TRVs can vary is narrow.
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Two significant observations can be made from the dose-response plots for mink (actually dietary concentration-
response plots). 1) PCBs exhibit a hermetic effect (enhanced reproductive performance) at doses lower than the
threshold for adverse effects for the number of five kits produced per mated female in feeding trials perfonned with
either commercial PCB products or field-contaminated prey. 2) h both commercial PCB product (Qophen A50)
and fiekkxmtaminated prey studies with mink, the exposure-response relationship dtfa betwem studies
perfonned over a single breeding season versus those in which exposures are continued over 2 breeding seasons or
2 generations of female mink. Continuous PCB exposure over 2 breeding seasons or 2 generations of female mink
results in more severe adverse effects on live kit production, kit survival, and, to a lesser extent, kit bodyweight, in
comparison to the effects of exposure over a single breeding season. The mean difference in low effect TRVs for
the various endpoints in the two studies is a 50 % decrease associated with 2-breeding season or generation
exposures as compared to single-breeding season exposure. This has obvious implications for long-term
sustainabiliry of mink at contaminated sites. Since 2-breeding season or generation studies have not been performed
with Aroclors, the mink Aroclor TRVs are adjusted by die mean response decrement observed in die Qophen and
fiekkxjntaminated studies to ensure long-term sustainabiliry.
TRVs based on controlled exposures to Aroclors are given in Table 1 (Section 1). The lower of die TRVs are
recommended to account for increases in toxicity PCBs in die field compared to that of Aroclors under controlled
conditions, which may be related to changes in source congener composition by weathering and bioaccumulation,
concurrent exposure to other contaminants acting through die same toxkotogical mechanisms as PCBs (thereby
reducing die tolerable exposure to PCBs), or interactions with other stressors (chemical, physical, or biological) not
present in captivity. Uncertainty factors are not recommended for inlerepecific extrapolation because dte TRVs are
based on data for sensitive species.
Although die TRVs are conservatively derived (chicken are sensitive to PCBs, and mink values are adjusted for
long-term exposuresX die recommended values and level of conservatism are consistent with prior agency practice.
Both die bird and mink TRVs are bracketed by die NOAEL and LOAEL values used in die development of PCB
water quality criteria for die protection of wildlife by die Great Lakes Initiative. As such, die recommended TRVs
represent a refinement of die toxicity information used for die GLJ, and share a similar degree of conservatism in
their application

8. Literature Cited
Aarts, J., M Derrison, M. Cox, M Schalk, P. Garrison, K. Tullis, L de Haan, and A. Brouwer. 1995. Species-
specific antagonism of Ah receptor action by 2X33VM'-hexachlc*obiphenyl. Eur J Pharmacol Environ Toxicol
Pharrnacol 293: 463474.

Aulerich, R and R Ringer. 1977. Current status of PCB toxicity to mink, and effect on their reproduction. Arch
Environ Contam Toxicol 6: 279-292.
Bachour, C, K. Failing, S. Georgji, L Ebnadfa, and H Bruna 1998. Species and organ dependence of PCB
contamination in fish, foxes, roe deer, and humans. Arch Environ Contam Toxicol 35: 666-673.

Banon, M., H. Galbrith and D. Bellman. 1995. Comparative reproductive and developmental toxicology of PCBs
in birds. Comp Biochem Physiol 112Q1): 1-14.



34

Bimbaum, L 1999. TEFs: a practical approach to a real-worid problem Human Ecol Risk Assessm 5:13-24.
Bkavins, M, R Aulerich, and R Ringer. 1980. Porydilorinated biphenyls (Aroclors 1016 and 1242): Effects cm
survival and reproduction in mink and ferrets. Arch Environ Contain Toxicol 9: 627-635.
Bosveld, A and M Van den Berg. 1994. Effects of polydilorinated biphenyls, dibenzo^-dioxins, and
dibenzofurans on fish-eating birds. Environ Rev 2:147-166.
Briggs, D. and J. Harris. 1972. PorycWorinated biphenyls influence on hatchabirity. Poultry Sci 52: 1291-1294.
Britton, W. and T. Hustoa 1973. Influence of polychlorinated biphenyls in the laying hen. Poultry Sci 52: 1620-
1624.
Brunstrorn, B., B. Lund, A. Bergrnan, L Asplund, L Arhanassiadis, M. Athanasiadou, S. Jensen, and J. Orberg
2001. Reproductive toxicity in mink (Mustela visori) chronically exposed to environmentally relevant
polychlorinated biphenyl concentrations. Environ Toxicol Chem 20:2318-2327.
Cecil, H., J. Bitman, R Lilfe, G. Fries, and J. Verrett. 1974. Embryotoxic and teratogenic effects in unhatched fertile
eggs from hens fed polychlorinated biphenyls (PCBs). BiiU Errviion Cortam Toxicol 11:489-495.
Chapman, G, D. Denton, and J. Lazorchak. 1995. Short-term Methods for Estimating the Chronic Toxicity of
Effluents and Receiving Waters to West Coast Marine and Estuarine Organisms, la ed Office of Research and
Development, US. Environmental Protection Agency, Cincinnati. EPA/600/R-95-136.
Chapman, J. and G. FekHiamer (eds.). 1982. Wild Mammals ofNorth America: Biology, Management, and
Economics. John Hopkins Univ. Press, Baltimore. 1147 p.
Chapman,P. 1998. Alternatives to the NOEC based on regression analysis. Annex 7 in Report oftheOECD
Workshop on Statistical Analysis of Aquatic Toxicity Data Environment Directorate, Organization for Economic
Co-operation and Development OECD Environmental Health and Safety Publications, Series on Testing and
Assessment No. 10. ENV/MC/CHEM (98)18.
Clemons, J., D. Dixon, and N. Bols. 1997. Derivation of 23,7,8-TCDD equivalent factors (TEFs) for selected
dioxins, furans, and PCBs with rainbow trout and rat liver cell lines and the influence of exposure time.
Chemosphere 34:1105-1119.

Cooch, E., R Rockwell, S. Brauh. 2001. Retrospective analysis of demographic responses to environmental
change: a lesser snow goose example. Ecol Monog 71:377-400.

Crane, M. and M. Newman. 2000. What level of effect is a no observed effect? Environ Toxicol Chem 19:516-
519.

Crump, K. 1984. A new method for determining allowable daily intakes. Fund Appl Toxicol 4:854-871.



35

Dahlgren, R, R Linder, and C. Carlson. 1972. Polychlorinated biphenyls: Their effects on penned pheasants.
Environ Health Perspect Experimental Issue 1: 89-101.

DeVito, M. and L Bimbaum. 1995. The importance of phannacokinetics in determining the relative potency of
23 ,7,8-tetrachkxochT3enzD2Hlk>xin and 23 ,7,84edachkmfibenzofuran. Fund Appl Toxkol 24:145-148.
Dyke, P. and J. Stratford 2002. Changes to the TEF schemes can have significant impacts on regulation and
management of PCDD/F and PCB. Chemosphere 47:103-116.
Eisler, R. and A. Bebsfe. 1996. Planar PCB Hazards to Fish, Wildlife, and Invertebrates: A Synoptic Review.
National Biological Services Biological Report 31. 75 p.
Fischer, L, R. Seegal, P. Ganey, L Pessah and P. KodavantL 1998. Symposium overview: toxieity of non-coplanar
PCBs. Toxicol Sci 41:49-61.
Forbes, V., R. Sibh/, and P. Catow. 2001. Toxicant impacts on density-limited populations: a critical review of
theory, practice, and results. Ecol Appl 11: 1249-1257.
Ganey, P., J. Quensen, M Mousa, S. Boyd, M. Wagner, and L Fisher. 2000. Biological activity associated whh
noncoplanar polychlorinated biphenyls after microbial dechlorination of Aroctor 1242® and Aroctor 1254®.
Environ Toxicol Chem 19:1311-1316.
Giesy, 1, D. Jude,D. Tillitt, R. Gale, J. Meadows, J.Zajkdc, P. Peterman,D. Verbrugge, J. Sanderson, T. Schwartz,
and M. Tuchman. 1997. Polychlorinated dibenzop-dioxins, ctibenzofurans, biphenyls and 23,7,8-
tetoachkxodibenzx>p-dioxin equivalents in fish from Sagjnaw Bay, Michigan. Environ Toxicol Chem 16:713-724.
Geisy, J. and Kannan, K. 1998. Dioxin-like and non-dioxin-like toxic effects of polychlorinated biphenyls (PCBs):
Implications for risk assessment Crit Rev Toxicol 28:511-569.
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Figure 1. Live Kits per Mated Femak Mink Exposed to Commercial PCB Product for 1 Breeding Season
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Figure 2. Live Kits per Mated Female Mink Exposed to Commercial Arodor 1242 for 1 Breeding Season
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Figure 5. Mink Kit Bodywsight at Birth, Maternal Exposure to Commercial Arccbr 1254 for 1 Breeding Season
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Figure 6. Mink Kit Survival, Maternal Exposure to Commercial Arodor 1254 for 1 Breeding Season
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Figure 7. live Kits per Mated Female Mink Exposed to Commercial Clophen A50 for Multiple Breeding
Seasons (Biunstrom, et aL 2001; Kflilstrom, et aL 1992)
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Figure 8. live Kits per Mated Female Mink Exposed to Fiekkxmtaminated Fish for Multiple Breeding Seasons or
Generations (Restum, et al. 1998)
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Figure 9. Mink Kh Bodywaght at Birth, Maternal Exposure to Commercial Gophen A50 tor Multiple Breeding
Seasons (Bnmstrom, et aL 2001)
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Figure 10. Mink Kit Bodyweight at Birth, Maternal Exposure to FkM<Mntaminated Fish tor Multiple Breeding
Seasons or Generations (Restum, et aL 1998)
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Figure U. Mhik Kft Sin\ival, Matemal Exposure to Cc>r^^
(Bnmstrom, et aL 2001)
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Figure 12. Mink Kit Survival, Matemal Exposure to Fiekkortaminated Fish for Multiple Breeding Seasons or
Generations (Restum, et aL 1998)

I
co
a>i<DC£.

1 .0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.00.01 0. 10 1 .00

Dietary PCB Concentration (mg/kg ww)

DURATION
o 1 Season
x 2 Generation
- 2 Season



47

Figure 13. Live Kits per Mated Female Mink Exposed to Fiekkxmtaminated Prey for 1 Breeding Season
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Figure 14. Mink Kit Bodyvseight, Maternal Exposure to Fiekk»ntarnina1ed Fish for 1 Breeding Season
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Figure 15. Mink Kit Survival, Maternal Exposure to Fidd-oxitaminated Prey tor 1 Breeding Season
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Figure 16. Comparison of Dose-response Relationships far Individual and Aggregated Studies of Hatchability vs.
A1248 Dose to Hens
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Figure 19. Hatchability, Aroclor 1248 Dose to Chicken Hens
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Figure 20. Hatchability, Aroclor 1254 Dose to Chicken Hens
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Figure 21. Hatchability, PCB Residues in Chicken Eggs
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Figure 22. Hatchability, Aroclor 1242 Residues in Chicken Eggs
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Figure 23. Hatehability, Aroclor 1248 Residues in Chicken Eggs
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Figure 24. Hatehability, Aroctor 1254 Residues in Chicken Eggs
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Figure 25. Chick Bodywtight, PCB Dose to Chicken Hens
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Figure 26. Chick Bodyweight, PCB Residues in Chicken Eggs
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Figure 29. Egg Productivity, PCB Dose to Chicken Hens

2.0

o) 1.0o>UJ

•55 0.5

0.00.01 0.10 1.00
PCB Dose (mg/kg-d)

CHEMICAL
o A1242
x A1248
+ A1254
A PCB

Figure 30. Egg Fertility, PCB Dose to Chicken Hens
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Table 2. Î IJnear Interpolation of 1^

Ttcstnxtii Tresbncot
Chemical rv— _j conc<TRV conc>TRV _ _ trrFieiA Control Target
\~ _ RR cone RR cone RR RRstudy Exposure

author Response Duration M, q Mj C ,̂ M ,̂ PTRV Effect level Study
Arodor faring studies
A1242 live kit/ 1 season

mated?
A1254 live kit/ Iseason

mated?
A1254 Idtbodywt Iseason

A1254 kit survival Iseason

Comparison of 1 breeding season expat
A50 live kit/ Iseason

mated? Iseason
2 season
2 season

Ratio 2 season/ 1 season
Ratio 2 season /I season

Restum live kit/ 1 season
mated? 2season

2 generation
Ratio 2 season/ 1 season
Ratio 2 generation/ 1 season

Restum khbodywt Iseason
2 season
2 generation

Ratio 2 season // season
Ratio 2 generation/ 1 season

Restum kit survival Iseason
2 season
2 generation

Ratio 2 season / 1 season
Ratio 2 generation/ 1 season

Mean ratio 2 season or gen/ 1 season

1 2 1.43 188 038
1 2 1.43 188 038
1 1 0.92 2 0.04
1 1 052 2 0.04
1 1 0.77 2 035
1 0.02 1
1 0.02 1 2 0
1 0.02 1

1 231 0.92 12 0
1 131 0.92 12 0
1 0.77 127 231 02
1 0.77 127 231 02

0.47 no effect
0.42 low effect

1 1 0.91
1 025 0.98 03 0.63
1 025 0.84 03 023

<0.39 low effect
<0.28 low effect

1 1 0.77
1 03 0.79 1 0.74
1 025 0.87 03 0.69

0.87 low effect
0.40 low effect

1 025 0.93 03 0.72
1 025 0.95 0.75 0.11
1 025 0.8 03 0.18

0.72 low effect
0.58 low effect
0.52 low effect (all studies)

0.75 168 low effect Aulerich77,Kakela02
0.9 231 no effect Aulerich77,Kakelau2

0.75 1.14 low effect Wren87, Aulerich77
0.9 1.02 no effect Wren87, AulerichT?

0.75 1.07 tow effect Wren87, AulerichT?
0.9 >0.02 no effect Wren87

0.75 <1.00 low effect Wren87, Aulerich77
0.9 X).02 no effect Wren87

ons continuous exposure
0.75 3.13 low effect Bnmstrn01,Kiiistrrn92
0.9 239 no effect BrunstmOl, Kihistnn92

0.75 131 low effect BrunstmOl
0.9 1.1 3 no effect BrunstmOl

0.75 >1. 00 bw effect Restum98
0.75 039 tow effect Restum98
0.75 028 low effect Restum98

0.75 1.00 low effect Restum98
0.75 0.87 tow effect Restum98
0.75 0.40 tow effect Restum98

0.75 0.45 tow effect Restum98
0.75 032 tow effect Restum98
0.75 026 tow effect Restum98
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Notes fir Table 1

bodywt - bodyweight
cone - dietay concentration of PCBs (mg/kg wet weight (ww))
RR - relative response = treatment response / control response
Kit bodyweight is for birth to 1 week age.
TRY - tnxiciy reference value for dietary PCBs (mg/kg wet weight (ww))

Log,0TRV=Log10q+(((M, * P)-l^) * ((Log,,,̂ , - Loglo q)/(N^,
TRV = 10U«101RV

Study - lead author, date; see notes for Tabte4 for citations
A1254 five tirtnatod 1 season I^ofO.92 is the mean of 1.15 (Wren87)arri0.69(Aulen^77)bolhatling4tg*etaryconcmlratm

tCjOfOJSarethen^^
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Tabfe 3. Lo l̂Jnear Interpolation of PCS Toik^
Chemical

UonYVtttttttCuUOSC
A1242
A1242
A1242
A1242
A1242
A1242
A1248
A1248
A1248
A1248
A1248
A1248
A1254
A1254

Treatment dose Treatment dose
Response Control <TRV >TRV Target

RR dose RR dose RR RR
M

(mg/kgmrd)
hatchabibty
hathabflity
hatchabflity
hatchabflity
chick bw
chick bw
hatchabflily
hatchabflity
chick bw
chick bw
survival
survival
hatchabtlty
hatehability

Egg Concentration (mg/kg, ww)

A1242
A1242
A1242
A1242
A1248
A1248
A1254
A1254

hatehability
hatehability
chick bw
chick bw
hatehability
hatchabflity
hatehability
hatehability

J

0.67
034
034
0.12
0.12
0.12
034
034
0.12
0.12
0.12
0.12
034
034

cone

M, q
135
0.62
Z44
144
0.41
0.41
75
75

14

0.82
1.03
0.84
0.98
0.98
0.98
0.%
0.96
0.94
0.94
0.99
0.99

1
1

ft*
0.82
1.03
0.93
0.93
1.04
1.04

1
1

HH

134
0.67
0.67
034
121
121
0.67
0.67
121
121
121
121
122
122

cone

<*•
226
135

14
14
3
3

12
12

M"

055
0.82
051
0.84
0.71
0.71
055
055
0.67
0.67
0.44
0.44
0.74
0.74

MH
055
0.82
0.71
0.71
055
055
0.74
0.74

P

0.75
0.9

0.75
0.9

0.75
0.9

0.75
0.9

0.75
0.9

0.75
0.9

0.75
0.9

P
0.75
0.9

0.75
0.9

0.75
0.9

0.75
0.9

Effect
TRY level

0.80 tow effect
052 no effect
0.41 tow effect
0.13 no effect
0.86 tow effect
024 no effect
0.48 tow effect
038 no effect
0.61 tow effect
0.17 no effect
033 tow effect
0.18 no effect
1.16 tow effect
056 no effect

Effect
TRY level

154 tow effect
1.00 no effect

10.19 tow effect
3.10 no effect
133 tow effect
0.72 no effect

11.79 tow effect
8.99 no effect

Study

Bnuon73
BridonTS
Ufc75
LJDieCecfl74
LflHeCecfl74
UffieCecfl74
Lflfc75;Scotf77
LflBe75;Scod77
LfflieCetiI74
LfflieCecir74
LflBeCecfl74
LflfeCecfl74
Platonw73;lJlieCetir74
Hatonw73;lJlieCecir74

Study
BrittcnTS
Brittcn73
Gould97;LillieCecir74
Gould97;LfllieCecir74
ScottT?
Scott77
PfctonwB; UllieCecil74
Platoiiw73;LillieCecir74

Notes for Table 3.
bw-bodyweight
cone - whole egg PCB concentration, mgfcg, ww
dose- bodyweight-nonnalized ingestion, mg PCB/kgwfd
RR - relative response=treatment response / control response
Study - lead author, date; see notes for Table 5 for citations
TRY - tenacity reference value for PCB dose P) (mgtqg^d) or whole egg concoitration(Q(mg1cgwetweî it(ww))

Log10TRV = Log10Dt+(((M1 *P)-M j)*((Log10DJ+1-Log10DJ)/(MK1 -Log,0 TRY = Log,0 q+«(M, * P) - M) * ((Log.,, C^ - Log,0 C) I (N^, -
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Table 4. Mink PCB Toxkity Studies

Ref

I

2

3

Exposure
Chemical &
Source
repotted as
A1254,from
cow

A1242
product
A1254
product

NA(PCB
type not
identified)

Exposure
Duration

52 month

3.4 month

9.7 month

42 month

9.7 month

42 month

22 month

Dietary Cone

0.64 m^kg
(control 03
mg<kg)

3.6mg<kg

2mgfcg
(control N A)
Imgfcg
(control NA)
2mg/kg
(control NA)
Smglcg
(control NA)
33mgkg + 33
mg/kgDDT
(control 0.05
mgkg)

Tissue Cone

123mgfcg
liver
(control 039
mgkg);
0.97mg1cg
muscle
(control 023
mgfcg)
11.99m^kg
liver,
33\mg/kg
muscle

86mg<kgfet
(control 14
mgltg)

Relative Response Compared to Control
wheiped?/
mated?

0

1

0.8

029

025

0.79

total lots/
whelped?

0

137

0.90

024

0.50

037

live kits/
wheiped ?

0

1.43

0.86

0.14

020

020

live kits/
mated?
0.17

0

1.43

0.69

0.04

0.05

0.17

WtBW,
time

0.94
birth

0.55
birth

0.72
birth

kit survival, time

0,ld

1.42
4wk

0
4wk

021
5d
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Ref

4

5

Exposure
Chemical &
Source

A1242
product

reported as
A1254,
Green Bay
alewife
L Michigan
Whitefish
SaginawBay
sucker
LErie perch

SaginawBay
carp
Erieperch&
Saginawwht
sucker

Exposue
Durion

8.1 month

7 month

7month

7 month

7tnonth

7morrth

7 month

Dietary Cone

11 mgfcg

Smgfcg
(control NA)
lOmg/kg
021mgkg
(control 0.09
mg/kg)

0.48 mgkg

0.63 mglcg

0.69 mgkg

1.5mgkg

0.66 mg/kg
(control 0.04
mgfcg)

Tissue Cone

280mg/kg
&

8.1mgfcg
adipose
(control 2.9
mg/kg)
13mgfcg
adipose
lOmgkg
adipose
\3mgfcg
adipose
37mgkg
adipose

Relative Response CorrqDared to Control
whelped?/
mated?
0

0

0
0.92

0.89

1.00

0.91

0.30

058

total kits/
whelped?
0

0

0
1.15

0.91

0.80

0.93

0.56

037

five kits/
whelped?
0

0

0
126

0.95

0.67

0.88

0

0.19

live kits/
mated?
0

0

0
1.11

0.84

0.66

0.79

0

0.11

kkBW,
time

1.01 birth
1.02 4 wk

1.02 birth
0.88 4 wk
1.05 birth
0.91 4 wk
0.98 birth
0.80 4 wk

0.86 birth

lot survival, time

0.93 4wk

051 4 wk

0.73 4wk

0.65 4wk

04wk
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Ref

6

7

8

Exposure
Chemical &
Source
A1254
product

ClophenAfO

A1254

PCB-sumof
1242, 1248,
1254, and
1260,
TEQ-H4IIE
bioassay;
Saginawcaip

Exposure
Duration

6.1 month

3 month

3 month

6 month

Dietary Cone

1 mg/kg
(control 0.02
mgfcg)

12 mg/kg

10 mg/kg

PCB0.72mg4g
(control 0.015
mgfcg);
TEQ 19.4 pg/g
(control 1 pg/g)

PCB1.53mgfcg
TEQ 40 pg/g

PCB2J6mg/kg
TEQ 80.8 pg/g

Tissue Cone

2.8 mg/kg
liver
(control 0.09
mg/kg)

181mg>kg
fat
4.0 mg/kg
muscle
74 mg/kg <at
13mg>kg
muscle
PCB22
mg/kg liver
(control 0.1
mgfcg)
TEQ 495
pg/g (control
<10pg/g)
PCB3.I
tng/kg liver
TEQ 439
P&'g
PCB63
mg/kg liver
TEQ 656
P&'g

Relative Response Compared to Control
whelped?/
mated?
0.99

0.11

034

1.00

1.00

1.00

total kits/
whelped?
1.09

0.12

0.66

0.93

1.02

0.58

live lots/
whelped?
1.16

0

0

0.76

0.96

0.14

live kits/
mated?
1 .15

0

0

0.76

0.96

0.14

kkBW,
time
0.77
Iwk
0.75
3wk,
0.71
5wk

0.93 birth;
0.67
3wk;
0.79
6wk

0.82 birth;
0.67 3 wk
0.41 6 wk

0.71 birth

kit survival, time

1.00 5 wk
nearly all
starvation
(control 75%
trauma or
infection, but no
starvation)

033
6wk

0.13
6wk

0
3wk
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Ref

9

Exposure
Chemical &
Source
PCB-sumof
1242, 1248,
1254, and
1260;
TEQ - H4IIE
bioassay;
Saginawcarp

Exposure
Duration

6 month
(P.1992)

16 month
(P, 1993)

DietatyConc

PCB025mglkg
(control 0.02
mgfcg)
TEQ 7.1 pg/g
(control 1 pg/g)

PCBO-Smg/kg
TEQ 13.6 pg/g

PCS 1.0 mgfcg
TEQ 26.4 pg/g

PCB025mg/kg
TEQ 7.1 pg/g

PCB0.5mg/kg
TEQ 13.6 pg/g

Tissue Cone

PCB0.98
mgkg liver
(control 0.07
mgfcg)

PCB0.89
mg/kg liver

Relative Response Compared to Control
whelped?/
mated?
136

135

1.16

1.02

0.78

total kits/
whelped?
1.16

1.02

1.02

0.95

0.92

live kits/
whelped?
1.19

0.91

0.77

0.%

0.80

live kits/
mated?
1.66

125

0.91

0.98

0.63

WtBW,
time
0.93-0.94
bnh
0.75-0.89
3wk
0.75-0.85
6wk
0.844.87
birth
0.67-0.75
3wk
0.654.68
6wk
0.754.79
birth
051-0.59
3wk
0354.49
6wk
0.88-1.09
birth
0.874.91
3wk
0.92 6 wk
0.77-4^1
birth
0.654.67
3wk
0.93
6wk

kit survival, time

1.06
3wk
0.93
6wk

0.81
3wk
0.72
6wk

032
3wk
032
6wk

0.99
3wk
0.95 6wk

0.62
3wk
0.05
6wk
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Ref

10

Exposure
Chemical &
Source

reported as
A1260
Poplar Creek
& Clinch
River fish

Exposure
Duration

12 month
F,of6-
month
exposed
parents
(F,-l
1993)

7 month

Dietary Cone

PCBLOmgfcg
TEQ26.4pg/g

PCB025mgfcg
TEQ7.1pg/g

PCB 0.5 trig/kg
TEQ13.6pg/g

PCB l.Omgkg
TEQ26.4pg/g
0.52 nig/kg
(control O.005
mgfcg)

Tissue Cone

PCB 1.57
mg/kg liver

PCB 0.63
mg/kg liver
(control 0.02
mgkg)

PCBO.%
mgfcg liver

1.47

O.005
mg/kg liver
(control
O.005);
NAfet
(control 32
mg^kgfet)

Relative Response Compared to Control
whelped ?/
mated?
0.66

0.85

0.76

0.63

0.58

total kits/
whelped?
0.63

1.05

0.88

0.53

120

live kits/
whelped?
0.59

0.%

031

0.09

1. 15

live kits/
mated?
0.40

0.84

023

0.07

0.67

kkBW,
time
0.734.74
birth
0.50-0.59
3wk
0.600.66
6wk
0.87
birth
1.03-1.10
3wk
0.89-0.95
6wk
0.644.73
birth
0.42
3wk
034
6wk
0.51-0.60
birth
1.02
6wk

lot survival, time

0.15
3wk
0.16
6wk

0.76
3wk
0.80
6wk

0.16
3wk
0.18
6wk
0
3wk
0.79
6wk
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Ref

1 1

Exposure
Chemical &
Source

ClophenA50
product;
TCQ
calculated by
WHOTEFs

Exposure
Duraxn

6mon1h

18 month

Dietary Cone

1.01 mgkg

136mgfcg

PCB0.77mg1<g
(control 0.01
mg/kg)
TBQ22pBfe
PCB23Img/kg
TEQ65pg/g
PCB0.77mg*g
TEQ22pg/g
(NOAECTCQ3
Pg/g)

PCB231mg*g
TEQ65pg/g

Tissue Cone

0.005
mgfcg liver,
105.86
mgfcgtat
725mg1cg
liver,
128.63
mgl^gfet

11 mg/kg
lipid muscle
(controKl
mglcg)

54mgkg

Relative Response Compared to Control
whelped?/
mated?
0.87

1.16

0.%

0.97

0.95

0.42

total kits/
whelped?
0.92

0.66

120

1.04

122

0.80

live kits/
whelped?
1 . 10

0.75

130

0.95

134

0.45

live kits/
mated?
0.96

0.87

124

0.92

127

020

knew,
time
0.94
6wk

0.90
6wk

0.99
birth

0.82 birth

0.90 birth
0.69
2wk
0.67
5wk
0.75
birth

kit survival, time

124

1.57

0.49
2wk

0
2wk
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Ref

12

Exposure
Chemical &
Source
reported as
PCB(Aroclor
not specified);
Baltic herring

A1242
product
added to
freshwater
smelt

Exposure
Duration

53 month
before
mating +
exposure
mating;
TEQnot
specified
("intemat-
iofiaT
TEFs)
53 month
before
mating,
control
exposure
during
mating

Dietary Cone

PCB 036 mgftg
(control 0.024
mgfcg)
TEQ26pg/g
(control 2 pg/g)

PCB2.88mgfcg
TEQ 157 pg/g

Tissue Cone
Relative Response Compared to Control

whelped?/
mated?
1.00

0.80

total kits/
whelped?
0.92

0.76

live kits/
whelped?
0.92

0.73

five kits/
mated?
0.92

0.58

kitBW,
time
0.87-
0.90
10 d
0.87-
0.89
50d

0.78-0.81
lOd
0.95-
1.01
50 d

lot survival, time

Notes for Table 4.
Ref- references [abbreviated reference used in the figures and Table 2 in brackets]:
1) Platonow and Karstad. 1973. [Platonow73]
2) Auterich and Ringer. 1977. [AulerichTT]
3) Jensen 1977. [JensenTT]
4) Bleaviis, et al. 1980 [BfcavinsSO]
5)Homshaw,etal. 1983. [Homshw83]
6) Wren, et aL 1987 [WrenST]
7) KihistrtSm, et al. 1992. [KJiistrm92]
8) Heaton, et aL 1995a, 1995b, and Tillftt, et aL 1996. [Heaton95]
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9) Restum, et al. 1998, Shipp, et aL 1998, and Tillitt, et al. 1996. [Restum98]
10) Haforook, et al. 1999. [Halbrok99]
11) Brunstrflm, et al. 2001. [BnmstmOl]
12) Katela, et al. 2002. [Kakela02]
Relative Response Compared to Control = treatment response / control response
Source: product is commercial product mixed with food; field is field-contamiiated biota prepared as food
TEQ for Restum, et aL (1998) is based on the following regression of total PCB (mgfcg) and H4D&Moassay TEQ (pgfe) (data from Tfflitt, et aL 1996):

TEQ = (25.735 * PCB) + 0.703 r*= 1.0,p=0.005,forPCBrange0.015-1^3mg1«
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Table 5. Chicken PCB Torichy Studies

Ref

1

2

3

Exposure
Chemical,
Source
A1242
product

A1242
product

A1254
product

Species

chicken
(white
leghorn)
chicken
(broiler)

chicken
(white
leghorn)

chicken
(white
leghorn)

Exposure
Duration

6wk

6wk

14 wk

39 wk

14 wk

Dose to Hen
(mgftg-d)
134
335
134
335
034
(control NA)
0.67

134

2.68

536

034
(control NA)

034

335

Egg Cone
(whole ww)

0.62mg1<g
6wk
135m#kg
6wk
226m#kg
6wk
2.8mg4g
6wk
10.01 mgkg
6wk
5.5m#kg
(max.)
2-14 wk
15mg/kg
(max.)
26-35 wk
SOmgkg
(max.)
2-14 wk

Relative Response Compared to Control
EggProductivity

0.92, 6 wk

036
6wk
0.41
6wk
0.77
6wk
0.90
6wk
0.87
1-14 wk

0.80
26-39 wk

0.75
l-14wk

EggFertility

0.98
1-14 wk

0.74
34-39 wk

1.05
1-14 wk

Hatchability

0.10, 6 wk
0,6wk
0.09, 6 wk
0.07, 6 wk
1.03, 6 wk

0.82
6wk
055
6wk
0
6wk
0
6wk
1
1-14 wk

1
1-39 wk

0
3-6 wk

Chick
BW

Chick
Survival

Chick
Normality
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Ref

4

5

Exposure
Chemical,
Source
A1254
product

A1221
product
A1232
product

A1242
product

A1248
product

Species

chicken
(white
leghorn)

chicken
(white
leghorn)

Exposure
Duration

6wk

9wk

Dose to Hen
(mgfcg-d)
5.5
(control NA)

130
(control NA)
134

0.12

121

0.12

121

Egg Cone
(whole ww)
10mg>kg
Iwk;
24mg/kg
2wk;
36.4mg/kg
3wk;
(control NA)
<lmgkg
9wk
2-5m§fcg
9wk

Mmgfcg
9wk

lOmgfcg
9wk

Relative Response Compared to Control
EffiProductivity
1.02
1-6 wk

1
04 wk
0.91
04 wk

0.95
04 wk

0.85
04 wk

057
04 wk
0.85
04 wk

EggFertility
1.05
1-6 wk

I-btfrhflhilkvi MfluiAiiuy

0.41
2wk;
0
3-6 wk

0.99
04 wk
0.60
04 wk
0.43
8wk
0.98
04 wk

020
04 wk
0.10
8wk
059
04 wk
0.13
04 wk
0.09
8wk

Chick
BW

0.98
64 wk
0.85
64 wk

0.98
6-9 wk

0.71
64 wk

0.94
64 wk
0.67
64 wk

Chick
Survival

1

0.93

0.99

0.93

0.99

0.44

Chick
Normality
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Ref

6

Exposure
Chemical,
Source
A1254
product

A1268
product
A1232
product

A1242
product

A1248
product

Species

chicken
(white
leghorn)

Exposure
Duration

8wk

Dose to Hen
(mgfcg-d)
0.13

122

128

0.67
(control NA)
134
034
0.67

134

034
0.67

134

Egg Cone
(whole ww)

12mg*g

23m@kg

Relative Response Compared to Control
EggProductivity
0.97
(Wwk
0.90
(Wwk

0.94
0-9 wk

Egg
Fertility

HatohabOity

0.96
0-9 wk
0.86
OSwk
0.74
8wk
0.98
0-9 wk
0.86
8wk
0.57, 8 wk
0.84, 0-8 wk
0.74, 0-8 wk
0.51, 8 wk
031, 0-8 wk
0.06, 8 wk
0.96, (Wwk
0.75, 0-8 wk
0.42, 8 wk
024, (Wwk
0.06, 8 wk

Chick
BW
0.93
6-9 wk
0.87
6-9 wk

0.96
6-9 wk

Chick
Survival
1

0.95

1

Chick
Normality

0.94
0.93

0.90

1
0.97

0.89
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Ref

7

8

Exposure
Chemical,
Source
A1248
product

reported as
A 1242,
1248,1254
and 1260;
H4IIE
bioassay
TEQ;
Saginaw
Bay carp

Species

chicken
(white
leghorn)

chicken
(white
leghorn)

Exposure
Duration

8wk

8wk

Dose to Hen
(mgk&d)
0.03
(control NA)

0.07

0.67

134

PCB0.04
(control
0.016);
TEQ1.4ng^d
(control 02)
PCB036;
TEQ32

Egg Cone
(whole ww)
0.16mg*g
4wk;
022mg/kg
8wk
033mgkg
4 wk;
0.41 mg/kg
8wk
22mgfcg
4wk;
3mg/kg
8wk
4.5mg4cg
4wk;
7mg4(g
8wk
4mg^
4-8 wk
(control
Img4g)

26mg*g
4-8 wk

Relative Response Compared to Control
Egg
Productivity
0.99
8wk

1.03
8wk

0.92
8wk

0.87
8wk

137
4-8 wk

1.63
4-8 wk

Egg
Fertility

0.99
4-8 wk

128
4-8 wk

Hatchabflity

1.01
4wk
1.01
8wk
0.98
4wk
1.04
8wk
0.73
4wk
0^5
8wk
0.03
4wk
0.03
8wk
1.05
4-8 wk

0.82
4-8 wk

Chick
BW

1.0
hatch

1.1
hatch

Chick
Survival

Chick
Normality

0.93
-ItoSwk

0.72
-ItoSwk
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Ref

9

Exposure
Chemical,
Source
A 1242
product

A 1254
product

Species

chicken
eggs(white
leghorn)

Exposure
Duration
injected in
yolk

DosetoHen
(mg/kg-d)

Egg Cone
(whole ww)
0.02 mgkg
(control NA)
024mg/kg

2.44 mg^g

0.02 mg^g

024mg/kg

2.44 m^kg

Relative Response Compared to Control
Egg
Productivity EggFertility

HatchaWity Chick
BW
1.08
embryo
1.07
embryo
0.93
embryo
1.03
embryo
1.02
embryo
0.92
embryo

Chick
Survival

Chick
Normality

Notes for Table 5.
Ref - references [abbreviated reference used in the figures and Table 2 in brackets]:
1) Briggs and Harris. 1972. [Briggs72]
2) Britton and Huston. 1973. [Britton73]
3) Platonow and Reinhart 1973. [Platonw73]
4) Tumasonis, et aL 1973. [Tumas73]
5)Lillie,etal. 1974and Cecil,etal. 1974.[LillieCecil74orLilIieC74]
6)Lillie,etall975.[Lillie75]
7) Scott 1977. [ScottTT]
8) Summer, et aL 1996a^ 1996b. [Summer96]
9)Gould,etal. 1997. [Gould97]
Exposures occur through contaminated feed except for Tumasorus,etaL (1973) triroughcortaniinatedwate, and Goî



73
Relative Response Compared to Control = treatment response / control response
Source: product is commercial product mixed with ieed or in water; field is field-oon&minaled biota prepared as feed
Dose: Calculated from experimental data when available. Generic calculation based on a white leghorn hen food Digestion rate of 0.067 kg feedfcgew-d (Medway and Kare 1959 cited in USEPA
1995a).
Egg Concentration: Yolk concentrate is omverted to whole-egg corK^ntratwnDym 1987 as cited in Hoffinan,etaL 1996).
Chick normality is the proportion of chicks without deformities (= 1 - deformity rate)



Tibia 6. Summary of Mink PCB Studies and Relative Responses

Lead author Chemical
Date
Platonow73 A1254
Platonow73 A 1254
Aulerich77 A1242
Aulervch77 A1254
Aulerich77 A 1254
Aulerich77 A1254
Jensen77 MA
Jensen77 MA
BleavinsSO A1242
BleavinsSO A1242
HomshwBS A 1254
Homshw83 A1254
Homshw83 A12S4
Homshw83 A1254
Homshw83 A1254
Hom$hw83 A1254
Wren87 A1254
Kihistrm92 A50
Kihi$trm92 A1254
Healon95 PCB
Heaton95 PCB
Heaton95 PCB
Restum98 PCB
Restum98 PCB
Restum98 PCB
Restum98 PCB
Restum98 PCB
RestumSB PCB
Restum98 PCB
Restum98 PCB
Restum98 PCB
Halbrok99 A 1260
Halbrok99 A 1260
Halbrok99 A 1260
BrunstmOl A50
BrunstmOl A50
BrunstmOl A50
BrunstmOl A50
Kakela02 PCB
Kakela02 A1242

Dietary Treatment
PCB cone, name
mg/kgww

0.64
3.57

2
1
2
5

3.3 Group B
11 GoupC
5

10
0.21 alewrfe
0.48 whitefish
0.63 sucker
0.69 perch
1.5 carp

0.66 perch/sucker
1 PCB

12 Group 2
10 GroupS

0.72 10% carp
1.53 20% carp
2.56 30% carp
0.25 P1 0 .25toF 1 - 1

0.5 P 10 .5 t oF 1 - 1
1 P1 1 .0toF 1 - 1

0.25 P1 0.25-0.25 to F1-2
0.5 P1 0.5-0.5 to F1-2

1 P1 1 .0-1 .0 to F1-2
0.25 F1-1 0.25-0 25 to F2

0.5 F1-1 0.5-0.5 to F2
1 F1-1 1 .0-1 .0 to F2

0.52 DietC
1 .01 OietD
1.36 DietE
0.77 A50 low
2.31 ASOhigh
0.77 ASOlow
2.31 ASOhigh
0.36 Bank: herring
2.88 Smelt PCB

Chemical
source
field
field
product
product
product
product
NA
NA
product
product
field
field
field
field
field
field
product
product
product
field
field
field
field
field
field
field
field
field
field
field
field
field
field
field
product
product
product
product
field
product

Dietary TEQ
TEQ cone, source
pg/gww

19.4 H4IIE
40 H4IIE

80.8 H4IIE
7.1 H4IIE

13.6 H4IIE
26.4 H4IIE
7.1 H4IIE

13.6 H4IIE
26.4 H4IIE
7.1 H4IIE

13.6 H4IIE
26.4 H4IIE

22 WHO
65 WHO
22 WHO
65 WHO
26 NA

157 NA

Exposure
duration
month

5 2
3.4
9 7
4 2
9.7
4 2
2.2
2.2
8.1
8. 1

7
7
7
7
7
7

6.1
3
3
6
6
6
6
6
6

16
16
16
12
12
12

7
7
7
6
6

18
18

5.3
5.3

Breeding Generations Tissue
seasons exposed
exposed

1
1

liver, muscle
liver, muscle

adipose
adipose

adiposeadipose
adipose
adipose
adipose
liver
muscle
muscle
liver
liver
liver

2 1 liver
2 1 liver
2 1 liver
2 2 liver
2 2 liver
2 2 liver
1 liver
1 liver, fat
1 liver, fat
1
1
2 muscle
2 muscle
1
1

PCB cone.
mg/kgww
1 .23.0.97

1 1 .99.3.31

2.8
3.98
1.33
2.2
3.1
6.3

0.98
0.89
1 .57
0.63
0.96
1.47

<0.005
<0.005

7.25

0.26
1.30

Tissue residue
Lipidcont. PCB cone. TEQ cone.

%ww mg/kglw ww

86
280

8.1
13
10
13
37

2.2 181.00
1.8 74.00

495
439
656

105.86
128.63

2.4 11
2.4 54

Whelp frequency Whelp
Control
%
NA

100
100
100
100
92
92

76.2
76.2

90
90
90
90
90
86
93
90
89
50
50
50
69
69
69
86
86
86
79
79
79
86
86
86
93
93
93
93

100
100

Treatment RR freq.
% ratio source

0 0.00 text p 393
100 1.00 table 10
80 0.80 table 929 0.29 table 10
25 0.25 table 9
73 0.79 table 10 0.00 table 1

0 0.00 table 2
0 0.00 table 283 0.92 table 3

80 0.89 table 3
90 1.00 Iabto3
82 0.91 table 3
27 0.30 table 3
50 0.58 table 3
92 0.99 87b table 2
10 0. 1 1 table 230 0.34 table 250 1.00 p 335, table 2
50 1.00 p 335, table 2
50 1.00 p 335, table 2
94 1.36 table 6
93 1.35 table 680 1 . 16 table 6
88 1.02 table 6
67 0.78 table 6
57 0.66 table 6
67 0.85 table 6
60 0.76 table 6
50 0.63 table 6
50 0.58 text p 652, table 2
75 0.87 text p 652. table 2

100 1 . 16 text p 652. table 2
89 0.96 table 3
90 0.97 table 3
88 0.95 table 539 0.42 table 5

100 1.00 table 3
80 0.80 table 3

Notes:
Treatment data only, control data excluded (control RR « 1.0 by definition)
TEQ source - H4IIE - rat hepatoma cell bioassay: WHO - Van den Berg, et al. (1998)
Exposure duration - month » days / 30.5 or weeks / 4; PCB • sum of multiple Aroclors; NA - not available
RR - relative response »treatment response / control response
Default Live kits/mated female - Live kits/whelped female * fraction of females whelped
Plantonow73 - Treatment 0.64 Live kits/mated female - 3 kits /10 females surviving (2 deaths out of 12 during breeding)
Jensen77 - PCB type or source not identified: Live kits/whelped female - No. of whelps bom/pregnant female - number of stillbirths/bitch
Homshaw83 - Tissue residue for February 1980, mean values
Kihlstrm92 - Dietary PCB cone. • 2 mg ASO/d or 1.64 mg A1254/d / 0.17 kg food/d (p. 564); Table 2 Stillborn should be 1 (not 100) for Group 2 (fig 4)
Heaton95 - Liver cone, from Tillttt, et al. 96 (Table 4)
Restum98 - Treatment name is parental designation to offspring designation; TEQ interpolated from Tillitt, et al. 96 (Tables 1 and 2)
Restum98 - Live kits/whelped female = Survivability at birth * Litter sizeRestum98 - Kit bodyweighl in order of male, female kit; - no survivors; RR is the unweighted mean of male and female RRs, or single sex RR If only one sex survived
Halbrook99 - Diet A is used for control; Kit survival - (Alive at 6 weeks / Bom alive) • 100
BrunstmOl - Dietary PCB cone. • 0.1 or 0.3 mg A50/d / 0.13 kg/d food ration (p. 2319)Kakela02 - Smelt PCB treatment was exposed for 21 wk before breeding, then switched to control diet during breadingKakela02 - Dietary PCB cone. = Sum PCB per day / Average food consumption; Kit bodywekjht In order of male kit, female kit; RR Is unweighted mean
Kakela02 - Live kits/whelped female = ((Kits/mother • surviving females) - Dead kits) / surviving females; TEQ - International" TEFs but no date Is given



Table 6. Summary of Mink PCB Studies and Relative Responses

Lead author
Date
Platonow73
Platonow73
Aulerich77
Aulerich77
Aulertch77
Aulerich77
Jensen77Jensen77
BleavinsSOBleavinsSO
Homshw83Homshw83HomshwSS
Homshw83
HomshwBS
Homjtiw83
Wren87
Kihistrm92KJhi$trm92
Heaton95
HeatonSS
Heaton9S
Restum98Restum98
Restum98Restum98Restum98
Restum98
Restum98
Restum98
Restum98
Halbrok99
Halbrok99
Halbrok9e
BrunstmOl
BrunstmOl
BrunatmOl
BrunstmOl
Kakela02
Kakela02

Chemical Dietary Treatment Total kits / whelped female Total kits/ Live Mis / whelped female Live kits/ Uve kits / mated femalePCB cone, name Control Treatment RR whelped Control Treatment RR whelped Control Treatment RR
mg/kgww number number ratio source number number ratio source number number ratio

A1254
A1254
A1242
A1254
A1254
A1254
NA
NA
A1242
A1242
A12S4
A12S4
A12S4
A12S4
A1254
A12S4
A12S4
ASO
A1254
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
A1260
A1260
A1260
ASO
ASO
ASO
ASO
PCB
A1242

0.64
3.57

2
1
2
5

3.3 Group B
11 GoupC
5

10
0.21 alewife
0.48 whttefish
0.63 sucker
0.69 perch
1.5 carp

0.66 perch/sucker
1 PCB

12 Group 2
10 Groups

0.72 10% carp
1 .53 20% carp
2.56 30% carp
0.25 P 10 .25t oF 1 - 1
0.5 P 10 .5 IOF 1 - 1

1 P1 1 .0 IOF1- 1
0.25 P1 0.25-0.25 to F1-2
0.5 PI 0.5-0.5 to F1-2

1 PI 1 .0-1 .0toF1-2
0.25 F1-1 0.25-0.25 to F2
0.5 F1-1 0.5-0.5 to F2

1 F1-1 1 .0-1 .0 to F2
0.52 DietC
1.01 DietD
1.36 DME
0.77 ASO low
2.31 ASO high
0.77 ASO low
2.31 ASO high
0.36 BaMIc herring
2.88 Smelt PCB

NA
4.1

6
4.1

6
5.1
5.1
5.8
5.8
5.4
5.4
54
5.4
5.4
5.4
6.9
8.1

5
5.7
5.7
5.7

5
5
5

6.3
6.3
6.3
5.7
5.7
5.7
6.5
6.5
6.5
4.9
4.9
5.1
5.1
6.6
6.6

0
5.6
5.4
1
3

2.9
0
0
0

6.2
4.9
4.3

5
3
2

7.5
1

3.3
5.3
58
3.3
5.8
5.1
5.1

6
5.6

4
6
5
3

7.8
6

4.3
5.9
5.1
6.2
4.1
6.1

5

0.00 text p 393
1.37 table 10
0.90 table 9
0.24 table 10
0.50 table 9
0.57 table 1
0.00 table 10.00 table 20.00 table 21 . 15 tables0.91 tables
0.80 tables0.93 tables
0.56 table 3
0.37 table 31.09 B7btaMe20.12 table 2
0.66 table 20.93 table 2
1.02 table 2
0.58 table 2
1 . 16 table 61.02 table 61.02 table 6
0.95 table 60.92 table 60.63 table 6
1.05 table 6
0.88 table 60.53 table 61.20 table 20.92 table 20.66 table 2
1 .20 tables1.04 tables
1.22 tables
0.80 table 50.92 tables0.76 tables

NA
3.5
5.1
3.5
5.1
4.6
4.6
4.9
4.9
4.2
4.2
4.2
4.2
4.2
S.2
5.B
5.3
4.3

5
5
5

4.7
4.7
4.7
5.6
5.6
5.6
5.5
5.5
5.5
5.2
5.2
5.2

4
4

4.4
4.4
6.6
6.6

0
5

4.4
0.5
1

0.9
0
0
0

5.3
4

2.8
3.7

0
1

6.7
0
0

3.8
4.8
0.7
5.6
4.3
3.6
5.4
4.5
3.3
5.3
1.7
0.5

6
5.7
3.9
5.2
3.8
S.9

2
6.1
4.8

0.00 text p 393
1.43 table 10
0.86 table 90.14 table 100.20 table 90.20 text, table 10.00 text, table 1
0.00 table 20.00 table 2
1.26 tabte30.95 table 3
0.67 tables
0.88 tables0.00 table 30.19 table 3
1 . 16 87bta*Xe20.00 table 20.00 table 2
0.76 table 2
0.96 table 20.14 table 21 . 19 tables 6, 7
0.91 tables 6. 7
0.77 tables 6. 70.96 tables 6. 7
0.80 tables 6. 7
0.59 tables 6, 7
0.98 tables 6. 7
0.31 tables 6. 70.09 tables 6, 71 . 15 table 2
1 . 10 table 20.75 table 2
1.30 table 3
0.95 table 31.34 tables
0.45 tables
0.92 table 30.73 tables

1.8
1 .8
3.5
5.1
3.5
5.1
4.2
4.2
3.8
3.8
3.8
3.8
3.8
3.8
3.8
4.4
5.4
48
3.7
2.5
2.5
2.5
3.2
3.2
3.2
4.8
4.8
4.8
4.3
4.3
4.3
4.5
4.5
4.5
3.7
3.7
4.1
4.1
6.6
6.6

0.3
0
5

3.5
0.14
0.25

0.7
0
0
0

4.2
3.2
2.5

3
0

0.5
6.2

0
0

1.9
2.4

0.35
5.3

4
2.9
4.7

3
1.9
3.6

1
0.3

3
4.3
3.9
4.6
3.4
5.2
0.8
6.1
3.8

0.17
0.00
1.43
0.69
0.04
0.05
0.17
0.00
0.00
0.00
1 . 1 1
0.84
0.66
0.79
0.00
0.11
1 . 15
0.00
0.00
0.76
0.96
0.14
1.66
1.25
0.91
0.98
0.63
0.40
0.84
0.23
0.07
0.67
0.96
0.87
1.24
0.92
1 .27
0.20
0.92
0.58

Live kits/mated
source

text p 393, 398
text p 393, 398table 10
table 9table 10table 9text, table 1text, table 1
table 2table 2tablestables
table 3tablestablestables87btabto2
table 2table 2p 335, table 2
p 335, table 2
p 335, table 2
tablestable 6table 6table 6table 6table 6
tabto6taWeetable 6text p 652, table 2
text p 652, table 2text p 652, table 2
taMe3tablestablestablestabto3table 3

Kit bodywekjht 0-1 wkControl Treatment RRg g ratio

9.9
9.9
9.4

8.3
8.3
8.3
8.3

9
28.1

10.5
10.5
10.5

10, 9.2
10, 9.2
10, 9.2

1 1 . 1 ,9 .9
1 1 . 1 ,9 .9
1 1 . 1 ,9 .9
9.8. 9.2
9.8, 9.2
9.8, 9.2

9.6
9.6
8.9
8.9

9.3 0.94
5.4 0.55
6.8 0.72

8.4 1.01
8.5 1.02
8.7 1.05
8.1 0.98
7.7 0.86

21.6 0.77

9.76 0.93
8.66 0.82
7.49 0.71

9.3,8.7 0.94
8.7,7.7 0.86
7.5,7.3 0.77

9.8, 10.8 0.99
8.6,8.0 0.79
8.1 ,7.3 0.74
8.S.8.0 0.87
7.2,5.9 0.69
5.0,5.5 0.56

9.5 0.99
7.9 0.82

8 0.90
6.7 0.75



Table 8. Summary of MInK PCB Studies and Relative Responses

Lead authorDate
Platonow73
Platonow73
Aulerich77
Aulerich77
Aulerich77
Aulerich77
Jensen77Jensen77
BleavlnsSO
BleavlnsSO
Homshw83
Homshw83
Homshw83
Homshw83
Homshw83
Hom»hw83
Wrerv87
Kihistrm92
Kihistnn92
HeatonSSHeaton95
Healon95
Restum98Restum98Restum98
Restum98
RestumSa
Re«turr>98
Restum98
Restum98Res(um98
Halbrok99
Halbrok99
Halbrok99
BrunstmOl
BrunstmOl
BrunstmOl
BrunstmOl
Kakela02
Kakela02

Chemical Dietary
PCB cone,
mg/kgww

A1254 0.64
A1254 3.57
A1242 2
A1254 1
A1254 2
A1254 5
NA 3.3
NA 11
A1242 5
A1242
A1254
A1254
A1254
A1254
A1254
A1254
A1254
A50
A1254
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
A1260
A1260
A1260
A50
A50
A50
A50
PCB
A1242

10
0.21
0.48
0.63
0.69
1 .5

0.66
1

12
10

0.72
1.53
2.56
0.25

0.5
1

0.25
0.5

1
0.25
0.5

1
0.52
1.01
1.36
0.77
2.31
0.77
2.31
0.36
2.88

Treatment
name

Group B
GoupC

alewife
whitefish
sucker
perch
carpperch/sucker
PCB
Group 2
Group 910% carp
20 % carp
30% carp
P1 0.25 to F 1-1
PIO.S t oFM
P1 1 .0toF 1 - 1
PI 0.25-0.25 to F1-2
P1 0.5-0.5 to F 1-2
PI 1.0-1.0 to F1-2
F1-1 0.25-0.25 to F2
F1-1 0.5-0.5 to F2
F1-1 1. 0-1.0 to F2
DietC
Di«MD
DletE
ASOtow
ASOhlgh
ASOtow
ASOhlgh
Baltic herring
SmeR PCB

Kit bodyweight 2-3 wk Kit bodyweight 4-6 wk
Control Treatment RR Control Treatment RR

g g ratio g g ratio

107.3

98.7
98.7

1 1 3 ,99
1 13 ,99
1 13 ,99

116, 1 10
1 16 , 1 10
1 16 , 1 10
1 16, 106
1 16, 106

70
63.58
63,58

80.2

66.1
65.8

89,88
76,74
58,58

106.96
78.72
69,55

128, 109
-.45

48
55.52
49,47

122
122
122
122

0.75 227.8

0.67 248
0.67 248
0.84 293. 253
0.71 293.253
0.55 293. 253
0.89 340. 304
0.66 340. 304
0.55 340, 304
1.07 380,326
0.42 380, 326

328
328
328

0.69 258
0.89 566, 505
0.80 566, 505

124 1.02
107 0.88
111 0.91
98 0.80

161.2 0.71

197 0.79
101 0.41

220, 214 0.80
200. 165 0.67
102. 125 0.42
312. 280 0.92

317, -0.93
223. 182 0.63
361 ,291 0.92

-, 177 0.54
333 1.02
307 0.94
295 0.90

173 0.67
501,4390.88
573, 481 0.98

Kit
bodyweight
source

table 10
table 10
text

table 4table 4
table 4
table 4
table 4
87b table 4

tablestablestables
tablestablestable 8
table 9table 9table 9
table 10table 10
(able 10
tableZ
table 2
table 2
tabte3
table3
table 5, fig 2
tables
table 3
table 3

Kit survivalControl Treatment RR
% % ratio

NA 0 0.00
64 91 1 .42
64 0 0.00
82 17 021

55
55
55
55
65
72

85
85
85

72.7
72.7
72.7
80.3
80.3
80.3

73
73
73

63.5
63.5
63.5

73
73

51 0.93
28 0.51
40 0.73
36 0 65

0 0.00
72.2 1.00

28 0 33
11 0.13
0 0.00

67.8 0.93
52.5 0 72

23 0.32
76.2 0 95

4.4 0.05
12.5 0.16
58.3 0.80
13.3 0.18

0 0.00
50 0.79

78.9 1.24
100 1 .57

36 0.49
0 0.00

Kit
survival
source

text p 393
table 10
table 10
text

tablestablestablestables
tables87btable2

tablestables
Iable3
table 7 wk 6
tabto7wkS
table 7 wk 6
table 7 wk 6
table 7 wk 6
table 7 wk 6table 7 wk 6
table 7 wk 6
table 7 wk 6
table 2table 2table 2

text p 2322
text p 2322



Table 7. Summary of Chicken PCB Studies and Relative Responses

Lead author Chemical Dietary Food Dose Exposure Yolk Whole
Date cone. ingestion duration cone, egg cone,

mg/kgfw kg/Kgbwfw mg/kg-d wk mg/kgfw mg/kgfw
Briggs72 A1242 20 0.067 1.34 6
Briggs72 A1242 50 0.067 3.35 6
Briggs72 A1242 20 0.067 1.34 6
Briggs72 A1242
Britton73 A1242
Britton73 A1242
Britton73 A1242
Britton73 A1242
Britton73 A1242
Platonw73 A1254
Platonw73 A1254
Platonw73 A1254
Tumas73 A1254
Lillie/Cecil74 A1221
Lillie/Cecil74 A1232
Lillie/Cecil74 A1242
Lillie/Cecil74 A1242
Lillie/Cecil74 A1248
Lillie/Cecil74 A124B
Lillie/Cecil74 A1254
LJIIie/Cecil74 A1254
Lillie/Cecil74 A1268
Lillie75 A1232
Lillie75 A1232
Lillie75 A1242
Lillie75 A1242
Lillie75 A1242
Lillie75 A1248
Lillie75 A1248
LJIIie75 A1248
Scott77 A1248
Scott77 A1248
Scott77 A1248
Scott77 A1248
Summer96 PCB
Summer96 PCB
Gould97 A1242
Gould97 A1242
Gould97 A1242
Gould97 A1254
Gould97 A12S4
Gould97 A1254

50
5

10
20
40
80

5
5

50
50
20
20

2
20

2
20
2

20
20
10
20

5
10
20

5
10
20

0.5
1

10
20

0.8
6.6

yolk inject
yolk Inject
yolk inject
yolk inject
yolk inject
yolk inject

0.067
0.067
0.067
0.067
0.067
0.067
0.067
0.067
0.067
0.1 1

0.0649
0.067

0.0615
0.0605
0.0623
0.0607
0.0636

0.061
0.0641

0.067
0.067
0.067
0.067
0.067
0.067
0.067
0.067
0.067
0.067
0.067
0.067

0.0553
0.0548

3.35
0.34
0.67
1.34
2.68
5.36
0.34
0.34
3.35
5.50
1.30
1.34
0.12
1 .21
0. 12
1 .21
0. 13
1 22
1.28
0.67
1.34
0.34
0.67
1.34
0.34
0.67
1.34
0.03
0.07
0.67
1.34
0.04
0.36

6
6
6
6
6
6

14
39
14
6
9
9
9
9
9
9
9
9
9
8
8
8
8
8
8
8
8
8
8
8
8
8
8

1 .7
3.7
62
7.7

27.5

100

0.067
0.67
6.7

0.067
0.67

6.7

0.62
1.35
2.26
2.80

10.01
5.5
7.5
50

3640
<1

2.5
14
10
12
23

0.22
0.41

3
7
4

26
0.02
0.24
2.44
0.02
0.24
244

Egg cone. Productivity
source Control Treatment

#or% #or%

table 3 wk 6table 3 wk 6
table 3 wk 6table 3 wk 6
table 3 wk 6fig 4 max. wk 12
fig 4 max. wk 26
fig 4 max. wk 12
f ig2wk3
Cecil fig 4 wk 9
Cecil fig 4 wk 9
Cecil fig 4 wk 9
Cecil fig 4 wk 9
Cecil fig 4 wk 9
Cecil fig 4 wk 9

table 1 wk 8
table 1 wk 8
table 1 wk 8table 1 wk 8
96btabte1 wk6-10
96b table 1 wk 6-10table 1table 1
table 1
labtel
table 1table 1

61
61
61
61
61

82.7
72

82.7
8.6

79.4
79.4
79.4
79.4
79.4
79.4
79.4
79.4
79.4

74.5
74.5
74.5
74.5

54
54

56
22
25
47
55
72

57.5
62.2
8.77
79.3
71 .9
75.5
67.5
76.9
67.5
77.1
71 .3
74.4

74
76.6
68.7
64.8

74
88

Productivity Fertility Fertility
RR source Control Treatment RR source
ratio % % ratio

0.92 table 1 wk 6
0.36 table 1 wk 6
0.41 table 1 wk 6
0.77 table 1 wk 6
0.90 table 1 wk 6
0.87 text p 343 wk 1-14 85.5
0.80 text p 343 wk 26-39 85
0.75 text p 343 wk 1-14 85.5
1.02 table 1 wk 1-6 92.3
1.00 Lillie table wkO-9
0.91 Lillie table wkO-9
0.95 Lillie table wkO-9
0.85 Lillie table wkO-9
0.97 Lillie table wkO-9
0.85 Lillie table wk 0-9
0.97 Lillie table 1 wk 0-9
0.90 Lillie table 1 wk 0-9
0.94 Lillie table 1 wk 0-9

0.99 table 3 wk 8
1.03 table 3 wk 8
0.92 table 3 wk 8
0.87 table 3 wk 8
1.37 96atable5wk6-10 67
1.63 96a table 5 wk 6-10 67

83.6 0.98 text p 344 wk 1- 14
63.3 0.74 fig 2 wk 34-39
89.9 1.05 text p 344 wk 1-14
97.2 1.05 table 1 wk 1-6

66.6 0.99 96atable6wk6-10
85.7 1.28 96a table 6 wk 6-10

Notes:
Default Food ingestion rate - 0.067 kg feed/kgbw-d white leghorn hen (Medway and Kare 1959)Whole egg cone. = 0.364 yolk cone. (Sothertand and Rahn 1987)
RR - relative response = treatment response / control response; Normality = 1 - deformity
Tumas73 - Dietary cone, is mg/l water cone; Food ingestion rate is l/kgbw-d water ingestion = 0.177 l/hen/d /1 .61 kgbw/hen (p. 314. 315)
Lillie/Cecil74 - Food consumption = treatment food/hen-d (Lillie table 2 wk 0-9) /1 .953 kg mean initial hen bodyweight (Lillie p 727)Lillie75 - Normality = 100 - % abnormal embryos of fertile eggs
Summer96 - Food ingestion rate - mean for wk 3-10 (96a table 4); Chick deformity recalculated from 96b table 5 (replace rounded percentages)
Gould97 - Yolk injection on day 0 of incubation. Treatment "chick" bodyweight is % difference in 17-d embryo bodyweight compared to control



Table 7. Summary of Chicken PCB Studies and Relative Responses

Lead author Chemical Dietary Hatchability
Date cone. Control Treatment

mg/kg fw % %
Briggs72 A1242 20 68.9 7.2
Briggs72 A1242 50 68.9 0
Briggs72 A1242 20 65.5 6.2
Briggs72 A1242 50 65.5 4.5
Britton73 A1242 5 91 94
Britton73 A1242 10 91 75
Britton73 A1242 20 91 50
Britton73 A1242 40 91 0
Britton73 A1242 80 91 0
Platonw73 A1254 5 90 90
Platonw73 A1254 5 90 90
Platonw73 A1254 50 90 0
Tumas73 A1254
Lillie/Cecil74 A1221
Lillie/Cecil74 A1232
Lillie/Cecil74 A1242
LJIIie/Cecil74 A1242
Lillie/Cecil74 A1248
Lillie/Cecil74 A1248
Lillie/Cecil74 A1254
Lillie/Cecil74 A1254
Lillie/Cecil74 A1268
Lillie75 A1232
Lillie75 A1232
Lillie75 A1242
Lillie75 A1242
Lillie75 A1242
Lillie75 A1248
Lillie75 A1248
Lillie75 A1248
Scott77 A1248
Scott77 A1248
Scott77 A1248
Scott77 A1248
Summer96 PCB
Summer96 PCB
Gould97 A1242
Gould97 A1242
Gould97 A1242
Gould97 A1254
GouW97 A1254
Gould97 A1254

50
20
20

2
20

2
20
2

20
20
10
20

5
10
20

5
10
20

0.5
1

10
20

0.8
6.6

yolk inject
yolk inject
yolk inject
yolk inject
yolk inject
yolk inject

84.7
93.7
92.4
93.7
92.4
93.7
92.4
93.7
92.4
93.7

90
90
91
90
90
91
90
90

90.5
90.5
90.5
90.5
85.8
85.8

0
93.2

40
92.2

9
92.3

8
89.7

68
92.2

77
51
76
46
5

87
38
5

91.6
93.7

50
2.4
90

70.2

Hatchability
RR source
ratio
0.10 table 1 wk 6 leghorn
0.00 table 1 wk 6 leghorn
0.09 table 1 wk 6 broiler
0.07 table 1 vw, 6 broiler1 .03 table 3 wk 6
0.82 table 3 wk 6
0.55 table 3 wk 6
0.00 table 3 wk 6
0.00 table 3 wk 6
1.00 textp 344 wk 1-14
1.00 text p 344, wk 1-39
0.00 textp 344 wk 2-14
0.00 table 1 wk 3-6
0.99 Lillie table 3 wk 0-9
0.43 Cecil fig 1 wk 8
0.98 Lillie table 3 wk 0-9
0.10 Cecil fig 1 wk 8
0.99 Lillie table 3 wk 0-9
0.09 Cecil fig 1 wk 8
0.96 Lillie table 3 wk 0-9
0.74 Cecil fig 1 wk 8
0.98 Lillie table 3 wk 0-9
0.86 textp 1554 wk 8
0.57 textp 1554 wk 80.84 table 3 wk 4-8
0.51 textp 1554 wk 8
0.06 textp 1554 wk 8
0.96 table 3 wk 4-8
0.42 textp1554wk8
0.06 textp 1554 wk 8
1.01 table 4 wk 8
1.04 table 4 wk 8
0.55 table 4 wk 8
0.03 table 4 wk 8
1.05 96b table 2 wk 6-10
0.82 96b table 2 wk 6-10

Chick Bodyweight Bodyweight Chick Survival Survival Chick Normality (1 - defomity)
Control Treatment RR source Control Treatment RR source Control Treatment RR

g g ratio % % ratio % % ratio

163
163
163
163
163
163
163
163
163

34.49
34.49

159
139
160
115
153
109
151
141
156

34.49
37.81

+8.4 %
+6.7 %
-7.0 %
+2.8 %
+2.1%
-7.7%

0.98 Lillie table 4 wk 6-9
0.85 Lillie table 4 wk 6-9
0.98 Lillie table 4 wk 6-9
0.71 Lillie table 4 wk 6-90.94 Lillie table 4 wk 6-9
0.67 Lillie table 4 wk 6-9
0.93 Lillie table 4 wk 6-90.87 Lillie table 4 wk 6-9
0.96 Lillie table 4 wk 6-9

1.00 96b table 4 wk 6-10
1 . 10 96b table 4 wk 6-10
1.08 fig 2 (17-d embryo)
1.07 fig 2 (17-d embryo)
0.93 fig 2 (17-d embryo)
1.03 fig 2 (17-d embryo)
1.02 fig 2 (17-d embryo)
0.92 fig 2 (17-d embryo)

98.4
98.4
98.4
98.4
98.4
98.4
98.4
98.4
98.4

98.3
91.9
97.1
91.7
97.5
43.7
98.7
93.7
98.7

1.00 Lillie table 4 wk 6-9
0.93 Lillie table 4 wk 6-9
0.99 Lillie table 4 wk 6-9
0.93 Lillie table 4 wk 6-9
0.99 Lillie table 4 wk 6-9
0.44 Lillie table 4 wk 6-9
1.00 Lillie table 4 wk 6-9
0.95 Lillie table 4 wk 6-9
1.00 Lillie table 4 wk 6-9

98
98
98
98
98
98

82.7
82.7

92 0.94
91 0.93
88 0.90
98 1.00
95 0.97
87 0.89

76.5 0.93
59.9 0.72



Table 7. Summary of Chicken PCB Studies and Relative Responses

Lead author Chemical
Date
Briggs72 A1242
Briggs72 A1242
Briggs72 A1242
Briggs72 A1242
Britton73 A1242
Britton73 A1242
Britton73 A1242
Britton73 A1242
Britton73 A1242
Ptatonw73 A1254
Platonw73 A1254
Platonw73 A1254
Tumas73 A1254
Lillie/Cecil74 A1221
Lillie/Cecil74 A1232
Lillie/Cecil74 A1242
Lillie/Cecil74 A1242
Lillie/Cecil74 A1248
Lillie/Ceci)74 A1248
Lillie/Cecil74 A1254
Lillie/Cecil74 A1254
Lillie/Cecil74 A 1268
Lillie75 A1232
Lillie75 A1232
Lillie75 A1242
Lillie75 A1242
Lillie75 A1242
Lillie75 A1248
Lillie75 A1248
Lillie75 A1248
Scott77 A1248
SCOH77 A1248
Scott77 A1248
Scott77 A1248
Summer96 PCB
Summer96 PCB
Gould97 A1242
Gould97 A1242
Gould97 A1242
Gould97 A1254
Gould97 A1254
Gould97 A1254

Dietary Normality
cone. source

mg/kgfw
20
50
20
50

5
10
20
40
80

5
5

50
50
20
20
2

20
2

20
2

20
20
10
20

5 Tables
10 Table 3
20 Table3

5 Table 3
10 Table 3
20 Table 3

0.5
1

10
20

0.8 96btable5wk 1- 10
6.6 96btable5wk 1-10

yolk inject
yolk inject
yolk inject
yolk inject
yolk inject
yolk inject


